
, 

100.02.01.0002 
/ ,’ 

Pilot-Scale Air Sparging/Soil Vapor 
Extraction System 

Work Plan 

for 

Naval Weapons Industrial 
Reserve Plant 

Bethpage, New York 

I 

i. 

Northern Division 
Naval Facilities Engineering Command 

Contract Number N62472-SO-D- 1298 

Contract Task Ord$r 0213 

March 1997 

-I 
C F BRAUN ENGtNEERtNG CORPORATtON 8 



, 

. ,, 
i 

, . 

I-r 

I 

L-r 

I 

b.. 

P 

4,. 

. 

L- 

, 

L”. 

c 

. 

Pilot-Scale Air SparginglSoil Vapor 
Extraction System 

Work Plan 

for 

Naval Weapons Industrial 
Reserve Plant 

Bethpage, New York 

Northern Division 

Naval Facilities Engineering Command 
Contract Number N62472-90-D-1298 

Contract Task Order 0213 

March 1997 

C F BRAUN ENGINEERING CqRPORATION 



PILOT-SCALE AIR SPARGING/SOIL VAPOR EXTRACTION SYSTEM 
FOR 

NAVAL WEAPONS INDUSTRIAL RESERVE PLANT 
BETHPAGE, NEW YORK 

COMPREHENSIVE LONG-TERM 
ENVIRONMENTAL ACTION NAVY (CLEAN) CONTRACT 

Submitted to: 
Northern Division 

Environmental Branch Code 18 
Naval Facilities Engineering Command 

10 Industrial Highway, Mall Stop #82 
Lester, Pennsylvania 19113-2090 

Submitted by: 
C F Braun Engineering Corporation 

993 Old Eagle School Road, Suite 415 
Wayne, Pennsylvania 19087-I 710 

CONTRACT NUMBER N62472-90-D-1298 
CONTRACT TASK ORDER 0213 

MARCH 1997 

PITTSBURGH, PENNSYLVANIA 



TABLE OF CONTENTS 

SECTION PAGE -- 

1 .O PROJECT DESCRIPTION ......................................................................................................... l-1 
1.1 AUTHORIZATION. .................................................................................................. l-l 
1.2 BACKGROUND INFORMATION ............................................................................. l-l 
1.2.1 The Naval Weapons Industrial Reserve Plant.. ........................................................ l-l 
1.2.2 Site 1 . Former Drum Marshaling Area.. .................................................................. .1-l 
1.2.3 Previous Investigation.. ............................................................................................ l-5 
1.3 PURPOSE.. ............................................................................................................. l-6 
1.4 SCOPE OF WORK .................................................................................................. l-6 
1.5 SAMPLE MATRICES, PARAMETERS, AND FREQUENCY OF COLLECTION.. ... ..l- 9 
1.6 REGULATORY REQUIREMENTS.. ......................................................................... l-9 
1.7 REPORT FORMAT.. ................................................................................................ l-9 

2.0 PROJECT ORGANIZATION AND RESPONSIBILITY ............................................................... 2-l 
2.1 PROJECT ORGANIZATION.. ................................................................................. .2-l 
2.2 FIELD ORGANIZATION ......................................................................................... .2-2 

3.0 QUALITY ASSURANCE OBJECTIVES FOR DATA MANAGEMENT ........................................ 3-1 
3.1 DATA QUALITY OBJECTIVES.. ............................................................................. .3-l 
3.2 QUANTITATION AND DETECTION LIMITS.. ......................................................... .3-l 
3.3 PARCC PARAMETERS.. ......................................................................................... 3-l 
3.3.1 Precision .................................................................................................................. 3-2 
3.3.2 Accuracy.. ................................................................................................................ 3-2 
3.3.3 Representativeness ................................................................................................ .3-3 
3.3.4 Comparability.. ........................................................................................................ .3-3 
3.3.5 Completeness ......................................................................................................... .3-4 
3.4 VAUDATION SAMPLES.. ........................................................................................ 3-4 
3.4.1 Field Duplicates ...................................................................................................... .3-4 
3.4.2 Field Blanks _ ........................................................................................................... .3-4 
3.4.3 Trip Blanks.. ............................................................................................................ .3-5 
3.4.4 Rinsate Blanks ........................................................................................................ .3-5 
3.5 BOTTLEWARE ....................................................................................................... .3-5 

4.0 FIELD ACTIVITIES .................................................................................................................... 4-l 
4.1 STATEMENT OF WORK.. ...................................................................................... .4-l 
4.2 INSTALLATION OF PILOT SCALE SYSTEM ......................................................... .4-2 
4.3 FIELD SAMPLING OBJECTIVES ........................................................................... .4-6 
4.4 FIELD SAMPLING ACTIVITIES.. ............................................................................ .4-6 
4.5 RADIUS OF INFLUENCE TESTING ..................................................................... .4-14 
4.6 HEALTH AND SAFETY ........................................................................................ .4-16 
4.7 SURVEYING ........................................................................................................ .4-16 
4.8 SAMPLE IDENTIFICATION SYSTEM.. ................................................................. .4-16 
4.9 SAMPLING EQUIPMENT AND PROTOCOLS.. .................................................... .4-18 
4.10 SAMPLE HANDLING.. .......................................................................................... .4-l 8 
4.10.1 Sample Packaging and Shipping.. ......................................................................... .4-18 
4.10.2 Sample Custody .................................................................................................... 4-18 
4.11 EQUIPMENT DECONTAMINATION.. ................................................................... .4-18 
4.11.1 Major Equipment ................................................................................................... .4-19 
4.11.2 Sampling Equipment ............................................................................................. .4-19 
4.12 RESIDUE MANAGEMENT ................................................................................... .4-l 9 

1oQ5C11P ii CT0 213 



TABLE OF CONTENTS (Continued) 

SECTION PAGE 

5.0 DOCUMENTATION AND CHAIN-OF-CUSTODY ....................................................................... 5-l 
5.1 FIELD CUSTODY.. ................................................................................................. .5-l 
5.2 TRANSFER OF CUSTODY AND SHIPMENT.. ....................................................... .5-l 
5.3 SAMPLE SHIPMENT PROCEDURES.. .................................................................. .5-2 
5.4 FIELD DOCUMENTATION RESPONSIBILITIES.. .................................................. .5-3 

6.0 CALIBRATION PROCEDURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1 

7.0 SAMPLE PREPARATION AND ANALYTICAL PROCEDURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1 

8.0 DATA REDUCTION, VALIDATION, AND REPORTING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-l 

9.0 EXTERNAL/INTERNAL QUALITY CONTROL CHECKS *...* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-l 

10.0 PERFORMANCE AND SYSTEM AUDITS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-l 

11 .O PREVENTATIVE MAINTENANCE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-l 

12.0 DATA ASSESSMENT PROCEDURES ..................................................................................... 12-1 
12.1 REPRESENTATIVENESS, ACCURACY, AND PRECISION.. ............................... .12-1 
12.2 VALIDATION ........ ................................................................................................ .12-l 

13.0 CORRECTIVE ACTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*..................................................................*..... 13-l 

14.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14-1 

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... R-l 

APPENDICES 

A 
B 
C 

AIR PERMIT WAIVER LETTER 
FIELD FORMS 
TECHNICAL SPECIFICATIONS FOR CONSTRUCTION OF PILOT SCALE AS/SVE 
SYSTEM 

D STANDARDOPERATINGPROCEDURES 
E SITE SPECIFIC HEALTH & SAFETY PLAN 
F SUPPORT CALCULATION FOR AS/SVE SYSTEM 

109501 /P CT0 213 



FIGURES 

FIGURE PAGE 

l-l Site Layout Map.. ........................................................................................................................ l-3 
l-2 Potential Areas of Contamination ................................................................................................ l-7 
4-l Proposed Layout - Air Sparging/Soil Vapor Extraction Pilot Study.. ............................................ .4-3 
4-2 Proposed Analytical Testing During Operation ........................................................................... .4-8 
4-3 Check List - Normal Operation.. ................................................................................................. .4-9 

4-4 Radius of Influence Testing - Schedule.. .................................................................................. .4-l 5 

TABLES 

3-l Summary of Analysis, Bottle Requirements, Preservation Requirements and Holding Times 
Subsurface Soil and Groundwater Samples, Site 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-6 

4-1 Field Sampling Activities Pilot-Scale AWSVE System, Site 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-7 

109501 /P iv CT0 213 



1 .O PROJECT DESCRIPTION 

1.1 AUTHORIZATION 

The Northern Division of the Naval Facilities Engineering Command has issued Contract Task Order 

(CTO) 0213 to C F Braun Engineering Corporation under a master agreement with Halliburton NUS 

Corporation under Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract N62472- 

90-D-1298. Under CT0 213, C F Braun shall prepare a Work Plan for a Pilot Scale Air SparginglSoil 

Vapor Extraction System (AS/SVE) as part of the Remedial Design, Phase II, for Site 1 at the Naval 

Weapons Industrial Reserve Plant (NWIRP) located in Bethpage, New York. 

1.2 BACKGROUND INFORMATION 

1.2.1 The Naval WeaDons Industrial Reserve Plant 

The Naval Weapons Industrial Reserve Plant (NWIRP) Bethpage is located in Nassau County on Long 

Island, New York, approximately 30 miles east of New York City. This 108 acre site is bordered on the 

north, west, and south by the Grumman facilities which covers approximately 605 acres, and by a 

residential neighborhood to the east. The NWIRP is a Government-Owned Contractor Operated 

(GOCO) facility operated by Northrop-Grumman Corporation. The NWIRP was established in 1933 and 

is still active. Since its inception, the primary mission for the facility has been the research proto-typing, 

testing, design engineering, fabrication, and primary assembly of military aircraft. 

The facilities at NWIRP include four plants (Nos. 3, 5, and 20, used for assembly and prototype testing; 

and No. 10, which contains a group of quality control laboratories), two warehouse complexes (north and 

south), a salvage storage area, water recharge basins, an industrial wastewater treatment plant (WWTP) 

and several smaller support buildings. 

The field activities discussed in this work plan will be performed in the area of Site 1. A brief description 

of Site 1 is presented below. 

1.2.2 Site 1 - Former Drum Marshalina Area 

Site 1 is located in the middle third of the NWIRP facility and east of Plant 3 as shown in Figure l-1. 
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Site 1 occupies an area of approximately 4 acres. It is surrounded on three sides by a fence and on the 

fourth side by Plant No. 3. The site is relatively flat, with the eastern portion covered with bare sandy 

soils, gravel. grass, and one concrete pad. The western portion of the site is predominantly covered with 

concrete. A vegetated wind row (pine) and fence are present along the eastern edge of the site to 

reduce community visibility. 

1.2.3 Previous lnvestiaations 

The original basis for the work conducted at the Navy’s Site 1 resulted from pubic water supply wells 

being impacted by VOC contamination. In response to this impact, a regional groundwater quality study 

was conducted in the 1980s. The results of this study indicated that the Navy’s Site 1 to be one of 

several potential sources of a relatively large groundwater VOC plume originating near this area and 

extending for several thousand feet to the south (hydraulic downgradient direction). 

The Navy conducted a Remedial Investigation in the early 1990s to investigate potential sources of the 

VOC contamination, (Halliburton NUS, May 1992 and Halliburton NUS July, 1993). Based on this 

investigation, the source of the groundwater contamination at Site 1 was determined to originate near the 

former drum marshaling areas. All shallow groundwater samples collected south of the Former Cinder 

Drum Marshaling Pad, and a few shallow groundwater samples collected north of the pad, exhibited VOC 

contamination. However, this area of groundwater contamination also coincides with the location of 

cesspools at the site. The cesspools could also be a source of the VOC contamination. 

Soil testing during the Remedial Investigation determined that Site 1 soils contained VOC, PCB, and 

arsenic contamination. Subsequent soil testing at the site confirmed the presence of PCB and VOC 

contamination; however, the arsenic contamination could not be confirmed. In addition, testing of the 

cesspool contents revealed even higher concentrations of VOCs and PC& in the cesspools then in the 

surrounding soils, as well as the presence of cadmium contamination. 

During pre-design testing under this CTO, sampling was again conducted to confirm an appropriate 

location for the pilot-scale AS/SVE system. Samples results from soil borings DSBIO, DSBII, DSB12, 

and DSBI 3 all exceeded the site specific action levels for VOCs. The VOC concentrations in DSB14 did 

not exceed site-specific action levels. 
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The most current estimate of VOC- and PCB-contaminated soils and cesspool content is presented in 

Figure l-2. Also presented is the estimated extent of groundwater contamination at Site 1. 

1.3 PURPOSE 

The purpose of this Work Plan is as follows. 

. Prepare design plans and installation specifications for a pilot-scale AS/SVE system at Site I. 

. Generate a Field Sampling Plan to monitor AS/SVE operating parameters and VOC concentrations 

in the soil and groundwater, over the duration of the pilot-scale study. 

The objective of the pilot study is as follows. 

l Determine the physical parameters required for a full scale system design (well spacing, 

extraction/injection rates, and well depths). 

. Evaluate the effectiveness of air sparging/soil vapor extraction in removing VOCs from site soils, 

cesspools, and shallow groundwater. 

l Estimate the time required for cleanup of soils, groundwater, and cesspool contents. 

. Determine the requirements for offgas treatment. 

1.4 SCOPE OF WORK 

Field samples collected during a previous site investigations established the nature and extent of the soil, 

cesspool, and groundwater contamination at the Site 1. The system installation specifications and Field 

Sampling Plan contained in this Work Plan will be used to install and monitor a pilot-scale AS/SVE 

system for remediation of concentrations of VOCs contained in the soil, cesspools, and shallow 

groundwater. The estimated period of operation of the pilot-scale AS/SVE system at Site 1 is 

approximately 3 months. 
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1.5 SAMPLE MATRICES, PARAMETERS, AND FREQUENCY OF COLLECTION 

Soil, groundwater. and air samples will be collected at specific times over the duration of the project. A 

detailed description of sample locations, collection frequencies and analytical methods to be applied to 

the collected samples is presented in the Field Activities Section 4.0 of this document. 

1.6 REGULATORY REQUIREMENTS 

No permitting is required for the operation of the pilot-scale ASlSVE System as stated by the New York 

State Department of Environmental Conservation provided in Appendix A. 

1.7 REPORT FORMAT 

This Work Plan presents the operating procedures and performance standards required to perform the 

work identified in this report. Section 1 .O identifies the facility and work required. Section 2.0 provides a 

description of the key personnel and their responsibility on this project. Section 3.0 identifies the Quality 

Assurance procedures for the data generated during the implementation of the work. Section 4.0 

provides a detailed description of the field work to be performed. Section 5.0 provides the chain-of- 

custody procedures. Section 6.0 identifies calibration procedures. Section 7.0 provides sample 

preparation and analytical procedures. Section 8.0 provides information of the procedures for presenting 

data. Section 9.0 identifies quality control checks. Section 10.0 identifies system audit procedures. 

Section 11 .O identifies preventive maintenance. Section 12.0 identifies data assessment procedures. 

Section 13.0 identifies the corrective action procedures and Section 14.0 identifies the procedures for 

providing Quality Assurance Reports to management. Supplemental information identified in these 

sections is provided in Appendices A through F. 
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2.0 PROJECT ORGANIZATION AND RESPONSIBILITY 

C F Braun will be responsible for the overall management of the project, including the field inspection 

and conduct of all drilling, excavation, and sampling activities. Personnel from the Navy will be actively 

involved in the investigation and will coordinate with personnel from C F Braun in a number of areas. 

2.1 PROJECT ORGANIZATION 

The key firms and personnel involved in the investigation, as well as the chain-of-communication and 

responsibility of the project personnel are as follows. The Navy Remedial Project Manager is 

responsible for the overall management of the IR Program for the NWIRP Bethpage. 

Northern Division 
Naval Facilities Engineering Command 
10 Industrial Highway, Mail Stop #82 
Lester, Pennsylvania 19113 
(215) 595-0567 

Mr. James Colter (Code 1821) 
Remedial Project Manager 

Mr. Steven Lehman, (Code 4023) 
Design Manager 

The project is being conducted by C F Braun Engineering Corporation 

C F Braun Engineering Corporation 
Foster Plaza 7 
661 Andersen Drive 
Pittsburgh, Pennsylvania 
(412) 931-7090 

David Brayack 
Project Manager 

Fred Ramser 
Field Operations Leader 

Matthew Soltis 
Health and Safety Manager 

The Project Manager has the primary responsibility for project and technical management of this project. 

He is responsible for the coordination of all onsite personnel, and for providing technical assistance for 
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all activities that are directly related to the determination of the environmental quality of the site. If 

quality assurance problems or deficiencies requiring specific action are identified, the project and QA/QC 

managers will identify the appropriate corrective action. 

FIELD ORGANIZATION 

The C F Braun field investigation team will be organized according to the activity planned. For onsite 

sampling, the sampling team members will be selected based upon the type and extent of effort 

required. The team will consist of a combination of the following personnel. 

. Field Operation Leader (FOL) 

. Field Geologist 

. Quality Assurance/Quality Control (QA/QC) Advisor 

The FOL will be responsible for the coordination of all onsite personnel and for providing technical 

assistance when required. The FOL, or designee, will coordinate and be present during all sampling 

activities and will assure the availability and maintenance of all sampling materials and equipment. The 

FOL will be responsible for completing all sampling and chain-of-custody documentation, state custody 

of all samples, and ensuring that the samples are properly handled and shipped. The FOL will also be 

responsible for providing technical supervision of the drilling subcontractor and for maintaining a 

geologic log of all borings drilled. Copies of the forms to be used in this investigation are provided in 

Appendix B. 

One field team member will be assigned QAKIC Advisor responsibilities. The QA/QC Advisor will 

assure that all QA/QC guidelines defined in this Work Plan are followed during installation and operation 

of this pilot-scale AS/SVE system and interface with the QA/QC Manager as needed. Strict adherence to 

these procedures is critical to the collection of acceptable and representative data. 

One designated field team member will function as the Site Health and Safety Specialist. The Site 

Health and Safety Specialist will be responsible for assuring that all team members adhere to the site 

health and safety requirements. Additional responsibilities of the Site Health and Safety Specialist are as 

follows: 

. Updating equipment or procedures based upon new information gathered during the site 

operation. 
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. Modifying the levels of protection based upon site observations. 

. Determining and posting locations and routes to medical facilities, including poison control 

centers, and arranging for emergency transportation to medical facilities. 

. Notifying local public emergency officers, including police and fire departments, of the nature 

or the team’s operations and for posting these department’s telephone numbers. 

. Examining work-party members for symptoms of exposure of stress. 

. Providing emergency medical care and first aid as necessary on site. The site health and 

safety manager also has the responsibility to stop any field operation that threatens the health 

or safety of the team or the surrounding populace. 

. Interfacing with the Health and Safety Manager as necessary. 
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3.0 QUALITY ASSURANCE OBJECTIVES FOR DATA MANAGEMENT 

The overall CIA objective is to develop and implement procedures for field sampling, chain-of-custody, 

laboratory analysis, and reporting that will provide environmental monitoring data of known and 

acceptable quality. Specific procedures to be used for sampling, chain-of-custody, calibration of field 

instruments, laboratory analysis, reporting, internal quality control, audits, preventative maintenance, and 

corrective actions are described in later sections of this Work Plan. The purpose of this section is to 

address the data quality objectives in terms of the (PARCC) parameters, quantitation and detection 

limits, field duplicates, field blanks, trip blanks, rinsate blanks, and bottleware cleanliness. 

3.1 DATA QUALITY OBJECTIVES 

Data Quality Objectives (DQOs) are qualitative and/or quantitative statements regarding the quality of 

data needed to support the Work Plan activities. The sampling rationale provided in Section 4.0 explains 

the choice of sample locations and media which will supply information needed for installation and 

operation of the pilot-scale AS/SVE system. The data to be collected will be used to evaluate changes in 

soil, waste, groundwater, and air VOC concentrations during the course of the pilot study. 

The site is known to be contaminated with several specific VOCs. If other VOCs are detected (from 

cross contamination), the relevance of the other VOCs would be evaluated based on previous site data, 

and non-site related data may be eliminated. Each of these media are expected to be contaminated with 

VOCs at concentrations of one or more orders of magnitude greater than the chemical-specific MDLs. 

Therefore, trace concentrations of unexpected compounds (from cross contamination), could also be 

evaluated for relevance. Also, during the pilot study, a VOC reduction of approximately 90% will be 

targeted for the soils and groundwater. Overall, based on this use of the data, a reduced QA/QC 

sample effort will be conducted. 
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3.2 QUANTITATION AND DETECTION LIMITS 

The analytical laboratory will report sample values as Practical Quantitation Limits (PQLs), with 

allowances for dilutions and dry weight conversions. PQLs are an expression of an analytical methods 

capability, with consideration given to the matrix characteristics of the samples analyzed. PQLs levels 

for each analytical method are defined within the method. The laboratory also reports Method Detection 

Limits (MDLs - for organics) and Instrument Detection Limits (IDLs - for inorganics). These limits, by 

contract, must be equal to or less than the PQLs. 

3.3 PARCC PARAMETERS 

The quality of the data set is measured by certain characteristics of the data, namely the PARCC 

(precision, accuracy, representativeness, comparability, and completeness) parameters. Some of the 

parameters are expressed quantitatively, while others are expressed qualitatively. The objectives of this 

project and the intended use of the data define the PARCC goals. 

3.3.1 Precision 

Precision characterizes the amount of variability and bias inherent in a data set. Precision describes the 

reproducibility of measurements of the same parameter for a sample under the same or similar 

conditions. Precision is expressed as a range (the difference between two measurements of the same 

parameter) or as a relative percent difference (the range relative to the mean, expressed as a percent). 

Range and Relative Percent Difference (RPD) values are calculated as follows: 

Range = OR - DR 

RPD = (OR - DR)/[(1/2)(0R + DR)] x 100% 

where: OR = original sample result 

DR = duplicate sample result 

The internal laboratory control limits for precision are three times the standard deviation of a series of 

RPD or range values. RPD values may be calculated for both laboratory and field duplicates, and can 

be compared to the control limits as a QA check. Because of the relatively high reduction targeted 

(90%) and the use of replicate samples for groundwater and air, laboratory only limited field duplicates 

will be analyzed during this program. 
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3.3.2 Accuracy 

Accuracy is the comparison between experimental and known or calculated values expressed as a 

percent recovery (%R). Percent recoveries are derived from analysis of standards spiked into deionized 

water (blank spike recovery) or into actual samples (matrix spike or surrogate spike recovery). Recovery 

is calculated as follows: 

%R = E/T x 100% 

where: 

and 

E = experimental result 

T = true value (theoretical result) 

T = [(sample aliq.)(sample cont.) + (spike aliq.)(spike conc.)]/(sample aliq. + 

spike aliq) 

Control limits for accuracy are set at the mean plus or minus three times the standard deviation of a 

series or %R values. Organic control limits are set at the mean plus or minus two times the standard 

deviation of a series of %R values. Because of the projected use of the data, accuracy estimates for 

aqueous and solid samples will not be evaluated during this program. 

3.3.3 Remesentativeness 

All data obtained should be representative of actual conditions at the sampling location. The Work Plan 

is designed so that the samples taken will present an accurate representation of actual site conditions, by 

providing for use ‘of standardized sampling and analysis protocols. All samplfng activities will conform to 

the protocols described in Section 4.0 of this Work Plan. The use of EPA-approved analytical protocols 

and data deliverables will ensure that analytical results and deliverables are representative, and both 

consistently performed and reported. 

3.3.4 Comparability 

Use of standardized sampling and analysis methods and data reporting format will also ensure 

comparability of the data obtained. These measures will also maximize the comparability of this new 

data to previous data. Additionally, consideration will be given to seasonal conditions and other 

environmental conditions that could influence analytical results. 
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3.3.5 Completeness 

Completeness is a measure of the amount of valid data obtained from the measurement program, 

compared to the total amount collected. For relatively clean, homogeneous matrices, loo-percent 

completeness is expected. However, as matrix complexity and heterogeneous increase, completeness 

may decrease. Where analysis is precluded or where DQOs are compromised, effects on the overall 

investigation must be considered. Whether any particular sample is critical to the investigation will be 

evaluated in terms of the sample location, the parameter in question, the intended data use, and the risk 

associated with the error. 

Critical data points may not be evaluated until all the analytical results are evaluated. If in the evaluation 

of results it becomes apparent that the data for a specific medium are of insufficient quality (95 percent), 

either with respect to the number of samples or an individual analysis, re-sampling of the deficient data 

points may be necessary. 

3.4 VALIDATION SAMPLES 

Validation samples typically include Field Duplicates, Field Blanks, Trip Blanks, and Rinsate Blanks. As 

identified in Section 8.0 - Data Reduction, Validation, and Reporting; Field Duplicates and Trip Blanks 

will be collected, but field blanks and rinsate blanks will not be collected during this field activity. 

3.4.1 Field Duplicates 

Field duplicates are two samples typically collected either: (1) independently at a sampling location in 

the case of groundwater or surface water: or (2) a single sample split into two portions in the case of soil 

or sediment. Duplicates are obtained during a single act of sampling and are used to assess the overall 

precision of the sampling and analysis program. Duplicates will be collected at a rate of approximately 

one in ten for soils and groundwater samples. 

3.4.2 Field Blanks 

Field blanks consist of the source waters used in decontamination processes (steam cleaning and field 

equipment decontamination). Field blanks are typically obtained at the rate of one ner source oer 

samolina event, and are analyzed to determine if these source waters could be introducing contaminants 
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to the collected samples. Field blanks are anatyzed for all parameters investigated to support project 

goals. Field blanks will not be collected during this program. 

3.4.3 Trip Blanks 

To determine whether contamination of samples has occurred during transit or storage, trip blanks will be 

used. Trip blanks consist of analyte-free water taken from the laboratory to the site, and returned. Trip 

blanks are taken at the rate of one per cooler of volatile organic samples for groundwater samples and 

will be analyzed for TCL VOCs only. 

3.4.4 Rinsate Blanks 

An equipment rinsate blank consists of the final analyte-free water rinse from equipment 

decontamination procedures. Typically, one rinsate blank is collected each day per each type of 

sampling device, however, only rinsate blanks from every other day are analyzed. Rinsate blanks are 

analyzed for the same parameters as the associated samples. Rinsate samples will not be collected 

during this field program. 

3.5 BOTTLEWARE 

The NEESA guidelines require specific bottleware. Bottles will be provided by the laboratory. The 

required certification will be provided. Table 3-l provides a summary of the analysis, bottle 

requirements, presentation requirements and associated holding times for the samples to be collected. 
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TABLE 3-1 

SUMMARY OF ANALYSIS, BOTTLE REQUIREMENTS, PRESERVATION REQUIREMENTS AND HOLDING TIMES 
SUBSURFACE SOIL AND GROUNDWATER SAMPLES 

SITE 1 
NWIRP, BETHPAGE, NEW YORK 

Analysis 
Parameter 

SOIL 

Analytical 
Method 

Total No. 
of 

Samples 

No. of Containers 
per Sample 

Container Type Preservation 
Requirements 

Holding Times 

Soil Classification 

Volatile Organic 
Compounds 

GROUNDWATER 

ASTM-2487 3 1 

SW-846-8240 20 1 

32 oz. clear, wide- None required None required 
mouth jars 
4 oz. clear, wide- Cool to 4”C, dark 14 days (10 days 
mouth jar, full and within receipt by 
packed. laboratory) 

Volatile Organic 
Compounds 

AIR 

SW-846-8240 28 2 60 ml, VOC vial HCL to pH ~2, 14 days (10 days 
Cool to 4”C, dark within receipt by 

laboratory 

voc TO-14 8 1 Tedlar Bag None 3 days 



4.0 FIELD ACTIVITIES 

STATEMENT OF WORK 

A pilot-scale Air Sparging/Soil Vapor Extraction (AS/SVE) system will be installed at the NWIRP, 

Bethpage, New York. The system will inject air into the ground via an injection well and extract soil 

vapor via extraction wells to remove the volatile organic compounds (VOCs) trapped in the soil and 

groundwater. The VOCs will be removed from the vapor stream by passing the vapor through a carbon 

adsorption off-gas treatment system before release into the atmosphere. The spent carbon in the off-gas 

treatment system can be reactivated for later use. The pilot-scale system to be installed for this project 

and associated sampling and analysis activities are intended to provide information regarding removal 

and treatment of chlorinated volatile organic compounds (chlorinated VOCs) identified at Site 1. 

The results of the pilot-scale test will be used to determine final design parameters for a full scale system 

including effective radii of influence, off-gas treatment requirements, subsurface soil conditions, well 

location and depth requirements, flow rate requirements, vacuum and injection pressures, and removal 

efficiencies. 

The air sparging and soil vapor extraction design includes consideration of the cover soil texture, soil 

permeability, structure, and for relatively tight soils (clays and silts), moisture content. Since air leakage 

through the cover soils ultimately provides the net air requirement for a vapor extraction system, the 

cover soil texture directly affects the radius of influence for an individual well. Low permeable cover 

soils would decrease air leakage into the nearby soils and thereby increase the radius of influence. As a 

result, low permeability covers are often placed over a site to increase the area affected by each well. 

Even though the surface soils at this site are relatively permeable, because the relatively deep 

unsaturated zone (approximately 60 feet) and associated placement of the screens, surface covering 

was not considered for the pilot study. If the pilot study results indicate that excessive surface leakage is 

occurring, then the full scale design would include provisions for adding a surface cover. 

The coarse native sands at the site should provide a relatively good soil texture and permeability for this 

technology. For typical fine sands, at moderate pressures, common individual well air injection and 

extraction rates for this technology are 8 to 12 CFM and 6 to 10 CFM, respectively. For tight, clayey and 

silty soils, relatively high vacuums or pressures may be required to obtain these rates; or these rates may 

not be obtainable. Whereas for coarse sandy soils such as those present at the site, these rates may be 

obtainable with relatively low vacuums and pressures. In addition, at higher vacuums or pressures, 

much higher air injection and extraction rates can be considered. 
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Based on the pilot testing conducted at NWIRP Calverton, which has a similar soil type, individual well 

air injection rates of 13 CFM were achieved at a pressure within 0.5 psi of the pressure needed to 

displace the water column. Similarly, for individual extraction wells, flow rates of 12 CFM could be 

achieved with a vacuum pressure of only 0.12 inches of mercury. Based on the relatively low pressure 

and vacuum requirements experienced during the Calverton pilot study, higher air injection and 

extraction rates can be considered during the NWIRP Bethpage pilot study. 

One potential concern at the NWIRP Bethpage, and in particular for the testing within a cesspool, is that 

oil contamination at select locations and thin silt lenses could affect the system performance. The data 

collected during the pilot study can be used to evaluate these affects. Because the site materials are 

primarily sand, soil moisture is not a primary concern at this site. 

4.2 INSTALLATION OF PILOT SCALE SYSTEM 

The pilot scale system consists of an air injection system, a soil vapor extraction system, and soil 

vapor/groundwater monitoring points. Prior to, during, and after the pilot study operation, samples of 

soil, groundwater, and/or soil gas will be collected and analyzed. The planned location for the major 

components are presented in Figure 4-l. Details on the installation of the air injection system and soil 

vapor extraction system are presented in Appendix C and are summarized below. Planned testing and 

sampling activities are detailed in this section. 

Air lniection Svstem - Summary 

The air injection system consists of a positive displacement blower and an air injection well (IWOl). The 

blower will be rated for 35 to 60 cubic feet per minute (CFM) at a pressure of 6 pounds per square inch 

(PSI). The air will be injected at 8 to 10 feet below the water table, (approximate total depth of 70 feet 

below ground surface (bgs)). The injection well will be located 60 feet east-northeast of Cesspool 79. 

Sample taps will be installed to allow measurement of pressure and flowrate. 

Air Extraction Svstem - Summary 

The air extraction system consists of five air extraction wells, a positive displacement soil vapor 

extraction blower, and vapor phase carbon. The blower will be rated for 100 to 150 CFM at a vacuum of 

5 inches of mercury column. The soil vapor extraction wells will be screened at the following depths. 

109501 IP 4-2 CT0 213 



dl~OS60C 

MtlOA M3N ‘33V’dH138 ‘dYIMN : 
ACJfUS lOlId NOLL3VUX3 UOdVA lIOS/3NI3tJVdS UIV - U-lOAVl Cl3SOdOtld 

1 311s .-‘I 
1333 NI 31W3S 

NOI13V lVl3W/EBd 
. Cl3SOdOtld JO V3tlV 31VwIXOkIddV 

(S661 All-U- SnNH 
‘ltlOd3tl 831131 NOIlV3IlS3ANI 

N3IS3Cl-38d) NOIlVNIWVlN03 
30h lVIlN3lOd 30 SV3tlV 

S3OA t1o.zl VI831It13 dl31 (3333x3 
SlN31N03 H3IHM NI SlOOdSS33 ++ 

3NIt108 110s 3NIlSIX3 @ 

113M 3NItlOlINOW 3NIlSIX3 0 V3 3SVHd UOdVh JO NOIlV301 
mitla ‘3N03 

113M 3NltlOlINOW 831VMClNn083 CINV 
113M NOI13VtllX3 tlIV Cl3SOdOtld @ 

I 

\\ 

S3H31IMS 133NN03SIa 

ElOlINOW 3tlnSS3tld kl31VMCiNnO&l3 
CJNV tlOdVh 110s a3SOdOtid H 

BOllNOW 3tlnSS3tld 
tlOdVA 110s Cl3SOdOtJd l 

, 
SkElMOlEl NbU3VtrlX3/NOI133rNI JO t$,IlVDOl ’ I 

-G0M3 N 16/L lOOdSS33 

-t70M3 38 Z0M3 

113M NOI133rNI tlIV Cl3SOdOtld ) 

113M 3NItlOlINOW 
~31VMClNnOkl3 Cl3SOdOtld 8 

3NI808 110s Cl3SOdOtld @ 

NOIlVNIWVlN03 U31VMaNno83 
JO lN31X3 31VWIXOUddV 

LZ-NH t-- 

aVd 3NIlVHStlVW 
wntla t13aNI3 mwtloj 



Extraction Screened Interval Location 

Well 
EWOl 10 feet above water table to 5 feet Well to be located 10 feet south-southwest 

below water table (approximately 55 to of IWO1 . 
70 feet bgs). 

EW02 10 feet above water table to 5 feet Well to be located 40 feet west-northwest of 
below water table (approximately 55 to IWOl, in line with Cesspool 79. Well to be 
70 feet bgs). nested with EW04. 

EW03 10 feet above water table to 5 feet Well to be located 20 feet north-northeast of 
below water table (approximately 55 to IWOl. 
70 feet bgs). 

EW04 20 to 30 feet bgs. Well to be nested with EW02. 
EW05 15 to 20 feet bgs. Well to located in the center of Cesspool 79. 

Two 2000-pound vapor phase carbon units will be used to treat the offgas during the course of the pilot 

study. Sample taps will be provided on the vacuum header and each individual extraction line to 

measure flowrate, vacuum, and allow the collection of soil gas samples. Sample taps will be provided 

prior to, between, and after the carbon units to measure flowrate and allow collection of soil gas. 

Monitorina Points - Summary 

Monitoring points will be used to determine effective radius of influence distances for the extraction and 

injection system. These monitor points consist of both dedicated soil vapor, water table, and 

groundwater monitoring points, as well as the extraction wells. 

Four dedicated soil vapor points will be located on the line between the air injection well (IWOl) and 

extraction well EW05. A fifth soil vapor point will be located east of the injection well to confirm that all 

injected air is being captured. Four of the soil vapor points (SVPM 1, 2, 3, and 4) will be installed with a 

screened depth of 25 to 30 feet below ground surface. Soil vapor point SVPM 5 will be installed with a 

screened depth of 15 to 20 feet below ground surface. These points will be installed using the same 

procedure as the soil vapor extraction wells, (see Appendix C). 

A dedicated water table monitoring well (CFB-MWOl) will be installed 30 feet downgradient of the air 

injection well (IWOl). The well will be installed across the water table, with 2 feet of screen above the 

water table and 8 feet of screen below the water table. This well, in conjunction with the air extraction 

wells, will be used to evaluate groundwater remediation time requirements. Installation techniques will 

be the same as the air injection well, and include a bentonite seal, (see Appendix C). 
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Two dedicated groundwater pressure monitors (GPM-2 and GPM-3) will be installed with a screened 

depth of 4 to 6 feet below the water table. Installation techniques will be the same as for the air injection 

well and will include a bentonite seal, (see Appendix C). 

FIELD SAMPLING OBJECTIVES 

The objectives to be achieved by these field sampling activities are as follows. 

. Determine pre-, interim-, and/or post-treatment concentrations of the identified parameters in 

subsurface soil, groundwater, and extracted soil gas at select points within the proposed area 

of operation of the AWSVE system to evaluate the effectiveness of the technology. 

. Measure the effective radius-of-influence for the soil vapor extraction wells and air injection 

well to serve as the basis for a full scale system. 

4.4 FIELD SAMPLING ACTIVITIES 

The following types of field samples will be collected for fixed-base analytical testing at specified times 

during installation and operation of the pilot-scale AS/SVE system: 

. Soil samples. 

. Groundwater samples collected from a permanent groundwater monitoring well, an injection 

well, and extraction wells. 

. Air samples collected from pre- and post-air treatment locations along the vapor-phase air 

treatment system. Note that addition air samples will be collected for field analysis (Draeger 

tube and PID analysis). 

Each of these sample types are discussed below. The collection frequency and analysis methods are 

listed in Table 4-1. A schedule for collecting these samples is presented Figure 4-2. A daily/weekly 

checklist for recording the operation of the pilot study is provided in Figure 4-3. 
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Task 

Subsurface Soil 
Boring 

Groundwater 
Sample 

Air Samples 

TABLE 4-1 

FIELD SAMPLING ACTIVITIES 
PILOT-SCALE ASlSVE SYSTEM - SITE 1 

NWIRP, BETHPAGE, NEW YORK 

Description of Activities Sample Event 

Collect soil samples from 
borings prior to, and after 
operation of pilot study. 

( 

Collect water samples from air 
injection well, vapor extraction 
wells, and new groundwater 
monitoring wells. 

Collect air samples from pre- 
and post-air treatment locations 
on the vapor-phase treatment 
system. 

Sample Depth 

End of first and Water Table 

End of ASISVE 

Following each Water Table 
month of operation 

End of ASISVE 
operation 

Water Table 

2 
0 
Y 
W 

VOC = Volatile organic compounds 

(1) Geotechnical Parameters to be taken at three boring locations. 

T 

L 

Number of 
I 

Analysis 
SamDIes 

6 to 9, plus 
one duplicate 

vocs 

3 

6 to 9, plus 
one duplicate 

Geotechnical 
parameters(l) 

vocs 

5, plus trip blank 
and duplicate 

vocs 

10, plus trip blanks 
and duplicates 

vocs 

5, plus trip blank 
and duplicate 

2 

vocs 

vocs 

vocs 

.- . 



FIGURE 4-2 

PROPOSED ANALYTICAL TESTING DURING OPERATION 
AIR SPARGlNGlSOlL VAPOR EXTRACTION PILOT STUDY 

NWIRP BETHPAGE, NEW YORK 

Activity 

Overview 

Soil Testing 

Groundwater 
Testing 
Stratification 
Testing 
Soil Vapor - PID’ 

Pretrial Week 1 
(04/21/97) 

Collect pre- Allow system 
trial samples to stablize 
6-9 VOCs 
3 Geotech. 
5 samples - 
vocs 
3 wells, 3 
depths 

3 rounds, 8 
ooints-VOCs 

Soil Vapor - 3 rounds, 8 
Draeger Tubes,lm2 points 
Soil Vapor - Fixed 2 samples 2 samples - 
Base3 vocs vocs 
Radius of Influence 
- Vapor Extraction 

Radius of Influence 
- Air Sparge 

Blower Maintenance 

Week 2 

Conduct ROI 
Testing 

If necessary 

3 rounds, 8 
points-VOCs 
3 rounds, 8 
points 

EWOI, 
EW05, 
EW02, 
EW04 

Week 3 Week 4 Weeks 5 - 7 

Conplete Normal Normal 
ROI Testing operation Operation 

5 samples - 
vocs 

8 points- 8 points - 8 points - 
vocs total VOCs total VOCs 
8 points 8 points 8 points 

8 points - 8 points - 8 points - 
total VOCs total VOCs total VOCs 
8 points 8 points 8 points - 

vocs 
2 samples - 2 samples - 
vocs vocs 

1 -2 
1 ;;;ction / 

1) 
2) 

3) 

Sample points are: each extraction well (5); pre-carbon unit header; between carbon units; and after carbon units. 
Initial draeger tubes will consist of carbon dioxide, trichloroethane, trichloroethene, and vinyl chloride. Draeger tube testing 
may be modified in the field based on initial results. 
Samples to be collected pre- and post-carbon units. 



FIGURE 4-3 

P 
CD 

CHECK LIST - NORMAL OPERATION 
AIR SPARGlNGlSOlL VAPOR EXTRACTION PILOT STUDY 

NWIRP CALVERTON, NEW YORK 

1. Extraction Wells 

2. Injection Wells 

Well Pressure (PSI) 
IWO1 

Flowrate (ft/min) 

4.1 Carbon System 

Location Pressure Flowrate PID 
Pre-carbon 
Between Carbon 
Post Carbon 

3. Monitoring Points 

inches of water 



Drillina and Samplinq Procedures 

Drilling and sampling will be performed in accordance with Hallibutton NUS SOPS GH-1.3 and GH-1.5 

provided in Appendix D. Requirements of the drilling subcontractor are outlined in Solicitation No. 1298- 

95-279 procurement of drilling services for CT0 213. 

Subsurface soil borings will be drilled to the specified depth depending on the type of well to be installed 

using hollow stem auger drilling techniques. During drilling operations, Standard Penetration Tests and 

split-spoon sampling for lithologic description will be performed every 10 feet continuously to the bottom 

of each soil boring. All split-spoon samples will be screened with an Organic Vapor Analyzer (OVA) or 

Photoionization Detector (PID) and visually inspected for lithologic description. Split spoon samplers will 

have a minimum outside diameter of 2 inches and be at least 2 feet long to fulfill the sample volume 

requirements for chemical analysis. The use of drilling fluids is prohibited during soil boring activities. 

Drill cuttings will be containerized onsite in %-gallon drums provided by the drilling subcontractor. 

A complete log of each boring will be maintained by the field geologist. Appendix B contains an example 

of the boring log form and other field forms necessary for recording field activities. At a minimum, the 

boring log will contain the following information, when applicable, for each overburden boring: 

. Sample numbers and types 

. Sample depths 

. Standard Penetration Test data 

. Sample recovery/sample interval 

. Soil density or cohesiveness 

. Soil color 

. Unified Soil Classification System (USCS) material description and symbol 

In addition, depths of changes in lithology, sample moisture observations, depth to water, OVA readings, 

drilling method, and total depth of each borehole should be included on each boring log, as well as any 

other pertinent observations. 

Soil Samples 

Subsurface soil testing at the site will consist of preliminary screening of the soils, chemical testing of 

the soils prior to the start of the pilot study, and chemical testing of the soils at the end of the pilot study. 

The pilot-scale system includes the installation of one injection well, five soil vapor extraction wells, 
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several monitoring wells, and soil borings. During the installation of each of the wells, split spoon 

samples will be collected to define lithology, as well as to better define potential VOC contamination of 

the soils via PID field screening. The PID data will be used to select locations and depths for 

subsequent soil boring samples and fixed-base VOC analysis. 

Based on this data, CF Braun will select three soil boring locations to conduct pre- and post-trial soil 

testing. These locations will in general represent the three high VOC concentrations detected during the 

field screening. However, at least one of these soil borings will be within Cesspool 79. The other two 

soil borings will be within an area affected by the pilot study. 

For each soil boring, two or three samples will be collected for chemical analysis (6 to 9 samples) and 

submitted to a fixed-base laboratory for Volatile Organ@ Compound (VOC) analysis. Exact sample 

intervals will be based on the results of the preliminary screening. However, once a location is 

selected, the same location and depth will be used for both the initial and final sample events. One field 

duplicate will collected during each sample event. Since all of the soil samples will be collected in areas 

of known and environmentally significant concentrations of VOCs (greater than the action levels) and the 

potential for cross contamination is minimal, other CWQC samples will not be collected during the soil 

sampling program. 

Samples for chemical analysis will be collected by splitting the split spoon open longitudinally and 

extracting soil from the entire length of the interior of the split spoon. Portions of the sample submitted 

for volatile organic analysis will be placed directly into the required containers. A stainless steel or 

dedicated plastic trowel will be used to place the sample into the required containers. The analytical 

methods to be used for each collected sample is provided in Tables 3-1. Decontamination of drilling and 

sampling equipment will be performed as described in Section 4-11. 

In addition, one soil sample will be collected during the installation of the injection well and two samples 

will be collected during the installation of two of the extraction well soil borings for geotechnical 

parameters (Soil Classification - ASTM D2487). The borings to be sampled for geotechnical parameters 

will be determined in the field, but as a minimum, will be located so as to provide representative data 

throughout the site. 

The pilot-scale system is currently scheduled to operate for a total of 3 months. At the end of the of 

system operation borings will be placed directly next to the borings sampled during the installation of the 

pilot-scale system. The same sample collection and procedures will be followed for this round of 
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sampling except Lithology and Geotechnical samples do not need to be collected or submitted for 

analysis. These samples will be analyzed according to the matrix outlined in Table 4-1. 

Groundwater Samples Collected from the Air lniection Well, VaDor Extraction Wells, and 

Groundwater Monitorina Well 

The location of the air injection well, vapor extraction wells, and groundwater monitoring well for 

groundwater sampling are identified in Figure 4-1. Each of these wells will be sampled prior to start up of 

the pilot-scale system; after each month of operation (two events), and immediately following the close 

of operations of the pilot-scale system. A field duplicate and trip blank will be collected during each 

sample event. No other QA/QC samples are planned. Sampling of the wells shall be performed in 

accordance with SOP SA-1.1 provided in Appendix D. The analytical methods to be used for each 

sampling event are listed in Table 3-1. The number of samples to be collected, schedule for the sample 

events, and analysis to be performed are provided in Table 4-1 and Figure 4-2. 

Fixed Base - VOC Air Monitorina Samples 

Air samples will be collected from two (2) locations along the exhaust line from the air extraction blower 

for fixed base chemical testing. One air sample will be collected from the air line that enters the vapor- 

phase GAC air treatment system, and one air sample will be collected from the air line that exits the 

GAC treatment system. Air samples for laboratory analysis will be collected from the two locations at the 

end of the first week of operation, at end of the first and second months of operation, and finally at the 

end of the pilot-scale study (approximately 3 months after start up). These samples will be used to 

monitor the overall quality of extracted and treated air discharge and will be used in conjunction with 

additional field PID readings to calibrate PID results from individual well results and results from between 

the carbon units . QA/QC samples will not be collected. The analytical methods to be used for each 

sampling event are listed in Table 3-1. The following procedure will be followed to collect air samples for 

laboratory analysis: 

1. Attach one end of an unused section of Tygon tubing to the hose barb on the vacuum port of the 

portable vacuum sampling pump. Attach the other end of the tubing to the in-line sample port. 

2. Attach one end of another unused section of Tygon tubing to the hose barb on the pressure port of 

the vacuum sample pump. 

3. Turn on the pump and purge the pump and lines for approximately 2 minutes. 
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4. After the purge is complete, attach the sample pump pressure port line to the tedlar bag, open the fill 

valve, and allow the sample bag to fill. Once the bag has been inflated to approximately two-thirds 

of its full capacity (e.g., fully inflated), close the fill valve and the ball valve, and then remove the 

tubing from the fill valve. 

5. While keeping the sample bag under pressure, open the fill valve and deflate the sample bag. 

6. Reconnect the fill valve to the teflon tubing. 

7. Allow the bag to fill twice by repeating Steps 1 through 6, deflating the bag after each fill to purge the 

sample bag. 

8. After repeating the sample purge procedure, follow Steps 1 through 6 to fill the bag once again to 

collect the sample, making sure the fill valve is securely closed once the bag is filled. 

9. Prepare the air sample for shipping to the lab. 

10. Field measurements of VOCs will also be collected by inserting the sample tip of the PID into a 

separate Tedlar bag fill tube and opening the fill valve. 

Soil Gas Stratification Testinq 

Prior to the start of the test, at a minimum one week after the extraction wells have been installed, soil 

gas stratification test will be conducted. This test will evaluate the potential for VOCs to stratify within an 

extraction well and adjacent monitoring well prior to, and during soil vapor extraction. Discrete samples 

will be collected within the screen zone of the three deep extraction wells (EWOl, EW02, and EW03). A 

personal diaphragm air pump will be used to collect the samples. A length-calibrated suction hose will 

be placed within the well at depths corresponding to the top of the well screen, the mid-point of the well 

screen, and just above water table. PID readings will be obtained from the pump discharge. 

The testing will be conducted first at the top of the well screen, then at the mid point, and finally at the 

water table. The time required for each test will be based on sample tube purge times, (determined in 

the field). At the time equivalent to three suction tube purge volumes, a tedlar sample will be collected 

as described for the fixed-base VOC air monitoring samples. For each depth, two consecutive air 

samples will be collected to evaluate variability. 
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If soil gas stratification is noted in the extraction wells prior to the operation of the soil vapor extraction 

wells, then additional soil gas stratification tests will be conducted during the operation of the trial. In 

particular, during the radius of influence testing described below, the stratification testing would be 

conducted to determine under which soil vapor extraction conditions stratification occurs and what steps 

can be taken to minimize it. 

Field VOC Analvsis/Real Time Monitorinq 

The performance of the AS/SVE system will be monitored in the field using an PID to measure VOC 

concentrations at each of the extraction wells, prior to the carbon units, between the carbon units, and 

after the carbon units. At a minimum, each extraction well will be tested during each fixed-base soil 

vapor sample event. The same tedlar bag may be used at more than one location, with a preference for 

moving from less contaminated to more contaminated locations. Ambient air will be used to purge the 

bag in between samples and the PID will be used to document displacement of residual VOCs. The 

standard to be applied to document adequate purging is less than 1 ppm or less than 10 percent of the 

following location to be sampled. In the event that this standard is exceeded, then the sample must be 

collected again. 

4.5 RADIUS OF INFLUENCE TESTING 

In order to allow the system wells to stabilize, radius of influence testing will be conducted one week after 

system startup. The testing will consist of operating only one extraction or injection well at a time. 

Variable extraction and injection rates will be tested. The soil vapor extraction rates will be evaluated 

over a range of 5 to 80 CFM (if achievable). The injection well will be evaluated over a range of 10 to 60 

SCM (if achievable). During the course of the tests, the soil vapor pressures will be allow to stabilize at 

each flow rate. The soil vapor pressures will be considered stable, when the readings change less then 

10% over three consecutive readings. During the tests, Figure 4-4 will be completed for each well 

tested. The wells and flow rates to be tested (in order) are as follows. 

EWOI : 5,10,20,40, and 80 CFM. 

EW05: 5, 10, 20,40, and 80 CFM. 

EW02: 5,10,20,40, and 80 CFM. 

EW04: 5,10,20,40, and 80 CFM. 

IWO1 : 10,20,30,45, and 60 CFM. 

IWOl/EW02: Injection rate to be fixed based on previous testing. Extraction rate to vary from 

1 .O, 1.5, 2.0, and 3.0 times the injection rate. 
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FIGURE 4-4 
RADIUS OF INFLUENCE TESTING - SCHEDULE 

AIR SPARGINGISOIL VAPOR EXTRACTION PILOT STUDY 
NWIRP BETHPAGE, NEW YORK 

Test: 

Start Time: 

Target Flow rate: 
Initial Header PressureNacuum: 

Date: 

Well (s) Operating: 

Time Time 

(hrs) (hrs) 
0.0 0.0 
0.5 0.5 
1.0 1.0 
2.0 2.0 
4.0 4.0 
6.0 6.0 
8.0 8.0 

Flow SVPM SVPM SVPM SVPM SVPM EWOI EWOl EW02 EW02 EW03 EW03 EW04 EW05 GPM2 GPM3 HN29 Flow SVPM SVPM SVPM SVPM SVPM EWOI EWOl EW02 EW02 EW03 EW03 EW04 EW05 GPM2 GPM3 HN29 
Rate Rate 1 1 2 2 3 3 4 4 5 5 Press Press Level Level Press Press Level Level Press Press Level Level Press Press Press Press Level Level Level Level Level Level 

Time 0.0 hours is recorded prior to the start of the test. 
The criteria for completing the test is to have three consecutive readings with less than a 10% difference for each of the wells. 

r: 
0 
Y 
u 



The test for each well is expected to require one to two days to perform. When switching the test from 

one well to another, the extraction system must be shutdown and the soil vapor pressures allowed to 

return to normal prior to testing the next well. 

4.6 HEALTH AND SAFETY 

Work conducted in conjunction with this field effort shall be performed in a manner which follows the 

guidelines provided in the site-specific Health and Safety Plan provided in Appendix E. 

SURVEYING 

The horizontal and vertical locations of each well and boring will be surveyed following complete 

installation of the pilot-scale system. Existing survey monuments located near Site 1 at the NWIRP, 

Bethpage facility will be used as reference points. Horizontal locations will be referenced to the New 

York state Plane Coordinate System. The horizontal locations of all surveyed points shall be completed 

to the nearest 0.10 foot. The vertical locations of all surveyed points shall be completed to the nearest 

0.01 foot. 

4.8 SAMPLE IDENTIFICATION SYSTEM 

Each sample submitted to a fixed base laboratory for chemical analysis will be assigned a unique sample 

tracking number. The sample tracking number will consist of a four-segment, alpha-numeric code that 

identifies the site, sample medium and number, and sample identification. Any other pertinent 

information regarding sample identification will be recorded in the field log books and sample log sheets. 

The alpha-numeric coding to be used in the sample system is explained below. 

Field Samples 

VW - (AANNN) - WV 

(Site name) (Sample Medium & Number) (Sample identifier) 
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Character Type: 

A = Alpha 

N = Numeric 

Project name: 

PS =Pilot-scale 

Sample Medium: 

GW = Groundwater from the pressure monitoring well (PS-MW-01) 

IW = Groundwater from an air injection well 

EW = Groundwater from an air extraction well 

SB = Subsurface soil from a soil boring 

AS = Air sample from the air exhaust system 

Sample Number: 

A running total of samples collected - Independent of medium 

Sample Identifier: 

Permanent Monitoring Well = Sample identifier not used 

Air Injection Well = Sample identifier not used 

Subsurface Soil = Start depth of interval at which sample is collected. 

Air = 01 Pre-carbon treatment sample 

02 Post-carbon treatment sample 

For example, a subsurface soil sample which was the fifth sample collected during this field event was 

collected from the soil boring to install air injection well at a depth of 10 to 12 feet would be: 

PS-SBOl-10 
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4.9 SAMPLING EQUIPMENT AND PROTOCOLS 

The protocols to be used during field sampling at Site 1 are presented in Appendix D of this Work Plan 

and consist of Halliburton NUS Standard Operating Procedures (SOPS). 

4.10 SAMPLE HANDLING 

Sample handling includes the field-related considerations regarding the selection of sample containers, 

preservatives, allowable holding times and analyses requested. The EPA Users Guide to the Contract 

Laboratory Program (EPA, December 1988), and the Federal Register (EPA, October 26, 1984) address 

the topics of containers and sample preservations. 

4.10.1 SamDIe Packaainq and Shicwing 

Samples will be packaged and shipped in accordance with Halliburton NUS SOP SA-6.2 provided in 

Appendix D. The FOL will be responsible for completion of the following forms: 

. Sample Labels 

. Chain-of-Custody Forms 

. Appropriate labels applied to shipping coolers 

. Chain-of-Custody Labels 

. Federal Express Air Bills 

4.10.2 Sample Custody 

Custody of samples must be maintained and documented at all times. Chain-of-custody begins with the 

collection of the samples in the field. Section 5.3 of Halliburton NUS SOP SA-6.1 provided in Appendix 

D provides a description of the chain-of-custody procedures to be followed. A sample chain-of-custody 

form is attached in Appendix C. 

4.11 EQUIPMENT DECONTAMINATION 

The equipment involved in field sampling activities will be decontaminated prior to and during drilling and 

sampling activities. This equipment includes drilling rigs, downhole tools, augers, well casing and 

screens, and all sampling equipment. 
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4.11.1 Maior Equipment 

Downhole drilling and sampling tools shall be steam cleaned prior to beginning work, between well 

borings, any time the drilling rig leaves the site prior to completing a boring, and at the completion of the 

drilling program. 

These decontamination operations will consist of washing the equipment using a high-pressure steam 

wash. All decontamination activities will take place on a decontamination pad at a location determined 

during mobilization. It is assumed that the facility will provide a suitable location for decontamination 

operations along with potable water and electricity. Additional requirements for drilling equipment 

decontamination can be found in Halliburton NUS SOP SA-7.1 provided in Appendix D. 

4.11.2 Samplina Equipment 

All sampling equipment used for collecting samples will be decontaminated both prior to beginning field 

sampling and between samples. The following decontamination steps will be taken: 

Potable water rinse 

Alconox or liquinox detergent wash 

Potable water rinse 

Methanol rinse 

Hexane rinse (pesticide grade) (only necessary for equipment used on pesticide/PCB 

samples) 

Steam distilled water rinse 

Air dry 

Wrap in aluminum foil for transport, 

4.12 RESIDUE MANAGEMENT 

Five types of potentially contaminated residues are expected to be generated during this field 

investigation, namely Personal Protection Equipment (PPE), drill rig decontamination fluids, sampling 

equipment decontamination fluids, auger soil cuttings, and purge waters. Based on the activities’ and 

types of contaminants present, none of these residues are expected to represent a significant risk to 

human health or the environment if properly managed. Planned management of each of these residues 

is provided below. 
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PPJ - PPE will be placed in the trash receptacles at the facility 

Drill Riq Decontamination Fluids - Drill rig decontamination fluids will be containerized in a 55 gallon 

drums and stored at the site for disposal at the WWTP. 

Samolina Equipment Decontamination Fluids - Equipment decontamination fluids will be containerized in 

55 gallon drums and handled with the drill rig decontamination fluids. 

Auaer Soil Cuttinqs - With the exception of soil cuttings from the upper 30 feet in the PCB hotspot area 

(EW-02 and EW-04), auger soil cuttings will be spread neatly around the borings at Site 1 to fill in 

existing dips in the topography. Based on previous testing, the deeper soils at each of these locations 

are less contaminated than in the surface soils. The upper 30 feet of auger cuttings from EW-02 and 

EW-04 will be containerized and labeled for ultimate disposal during the full scale, Site 1, PCB 

remediation. 

Puree Water - Groundwater generated during the initial purging of the wells and subsequent sampling of 

these wells will be screened with an OVA (or PID). Fluids with elevated OVA readings (greater than 

1 ppm) will be containerized with the drill rig decontamination fluids. Fluids without elevated OVA 

readings will be discharged to the ground surface at the site. Runoff will not be allowed. 

109501 IP 4-20 CT0 213 



5.0 DOCUMENTATION AND CHAIN-OF-CUSTODY 

Sample custody procedures are designed to provide documentation of preparation, handling, storage, 

and shipping of all samples collected. An example of the chain-of-custody form, which will be used 

during this investigation, is included in Appendix B. 

Samples collected during the site investigation will be the responsibility of identified persons from the 

time they are collected until they are appropriately transferred. Stringent chain-of-custody procedures 

will be followed to document sample possession. 

5.1 FIELD CUSTODY 

. The FOL, or his or her designee, is responsible for the care and custody of the samples 

collected until they are delivered to the analytical laboratory or entrusted to a carrier. 

. Sample logs or other records will always be signed and dated. 

. Chain-of-custody sample forms will be completed to the fullest extent possible prior to sample 

shipment. They will include the following information: project name, sample number, time 

collected, source of sample and lo’cation, description of sample location, matrix, type of 

sample, grab or composite designation, preservative, number and size of bottle, analysis, and 

name of sampler. 

These forms will be filled out in a legible manner, using waterproof ink, and will be signed by the 

sampler. Similar information will be provided on the sample label which will be securely attached to the 

sample bottle. The label will also include the general analyses to be conducted. In addition, sampling 

forms will be used to document collection, filtration, and preparation procedures. Copies of all field 

documentation forms are provided in Appendix B. 

5.2 TRANSFER OF CUSTODY AND SHIPMENT 

The following procedures will be used when transferring custody of samples: 

. Samples will always be accompanied by a chain-of-custody record. When transferring 

samples, the individuals relinquishing and receiving them will sign, date, and note the time of 

lOQ!m/P 5-l CT0 213 



the chain-of-custody record. This record documents the sample custody transfer from the 

sampler to the laboratory, often through another person or agency (common carrier). Upon 

arrival at the laboratory, internal sample custody procedures will be followed. 

. Prior to shipment to the laboratory for analysis, samples will be properly packaged. Individual 

custody records will accompany each shipment. Shipping containers will then be sealed for 

shipment to the laboratory. The methods of shipment, courier name, and other pertinent 

information, will be entered in the remarks section of the custody record. 

. All shipments will be accompanied by the chain-of-custody record identifying the contents. 

The original record will accompany the shipment; and a copy will be retained by the field 

sampler. 

. Proper documentation will be maintained for shipments by common carrier. 

5.3 SAMPLE SHIPMENT PROCEDURES 

The following procedures will be followed when shipping samples for laboratory analysis: 

. Samples requiring refrigeration will be promptly chilled with ice or Blue Ice to a temperature 

of 4°C and will be packaged in an insulated cooler for transport to the laboratory. Ice will be 

sealed in containers to prevent leakage of water. Samples will not be frozen. 

. Only shipping containers that meet all applicable state and Federal standards for safe 

shipment will be used. 

. Shipping containers will be sealed with nylon strapping tape, custody seals will be signed, 

dated, and affixed, in a manner that will allow the receiver to quickly identify any tampering 

that may have occurred during transport to the laboratory. 

. Shipment will be made by overnight courier. After samples have been taken, they must be 

sent to the laboratory within 24 hours. 
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5.4 FIELD DOCUMENTATION RESPONSIBILITIES 

It will be the responsibility of the FOL to secure all documents produced in the field (geologists daily 

logs, lithologic and sampling logs, communications) at the end of each work day. 

The possession of all records will be documented; however, only the project FOL or designee may 

remove field data from the site for reduction and evaluation. 

The data generated by the laboratory will be sent to C F Braun and stored by C F Braun until completion 

of the pilot-scale AS/SVE project. 
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Field equipment such as the Photoionization Detector (PID) and any geophysical equipment used during 

this project will be calibrated and operated in accordance with the manufacturer’s instructions and 

manuals. A log will be kept documenting the calibration results for each field instrument. The log will 

include the date, standards, personnel, and results of the calibration. 

Calibration procedures for laboratory equipment used in the analysis of environmental samples will be 

performed in accordance with method-specific requirements. 
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7.0 SAMPLE PREPARATION AND ANALYTICAL PROCEDURES 

Environmental samples collected during the field investigation for chemical analyses will be analyzed 

using the appropriate analytical procedures as outlined in Table 4-1 of this work plan. All methods to be 

used are EPA-approved or other guidance.. 
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8.0 DATA REDUCTION, VALIDATION, AND REPORTING 

Data validation is the stringent review of an analytical chemical data package with respect to sample 

receipt and handling, analytical methods, data reporting and deliverables, and document control. To 

complete a data validation, the full range of CIA/CIA samples are required. Typically, data validation is 

used to support potential litigation and is normally conducted during the Remedial Investigation to 

confirm the presence of contamination and during the Remedial Action to confirm the extent of 

contamination and final compliance with objectives. Data validation can sometimes be performed during 

the Feasibility Study and Remedial Design phases. However, it use is limited to cases where relatively 

small uncertainties in the data can affect the conclusions of the work. 

The goal of this sampling event is to determine the effectiveness of the pilot-scale remediation system in 

support of the design efforts. The area is already identified as contaminated, and VOC reductions in 

excess of 90% are targeted. Since no additional human or ecological risk assessments will be performed 

and no litigation involving this work is anticipated, data validation will not be performed for the data 

generated under this RD task order. Furthermore, information establishing the extent and levels of 

contamination were already established in the Remedial Investigation. 
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9.0 EXTERNAL/INTERNAL QUALITY CONTROL CHECKS 

There are two types of quality assurance mechanisms used to ensure the production of analytical data of 

known and documented quality. The internal laboratory quality control procedures for the analytical 

services are specified in the analytical methodology. These specifications include the types of control 

samples required (sample spikes surrogate spikes, controls, and blanks), the frequency of each control, 

the compounds to be used for sample spikes and surrogate spikes, and the quality control acceptance 

criteria. It will be the laboratory’s responsibility to document, in each data package, that both initial and 

on-going instrument and analytical QC criteria are met. Only limited external quality control samples 

(i.e., trip blanks and field duplicates) will be generated by C F Braun. 

Analytical results will also be compared to acceptance criteria, and documentation will be performed 

showing that criteria have been met. Any samples in nonconformance with the QC criteria will be 

identified and reanalyzed by the laboratory, as required. The following procedures will be employed for 

the processing of NWIRP Bethpage samples: 

. Proper storage of samples. 

l Use of qualified and/or certified technicians, 

. Use of calibrated equipment. 

. Use of standardized test procedures. 
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10.0 PERFORMANCE AND SYSTEM AUDITS 

The following measures have been established to assure that the work is being implemented in 

accordance with the approved project SOPS and in an overall satisfactory manner: 

. The FOL will supervise and check on a daily basis that the soil borings are installed correctly, 

field measurements are made accurately, equipment is thoroughly decontaminated, samples 

are collected and handled properly, and the field work is accurately and neatly documented. 

. The project manager will oversee the FOL, and check that management of the acquired data 

proceeds in an organized and expeditious manner. 

. System audits for the laboratory are performed on a regular basis. 

A formal audit of the field sampling procedures may be conducted in addition to the auditing that is an 

inherent part of the daily project activities. If so conducted, the auditors will check that sample collection, 

sample handling, decontamination protocols, and instrument calibration and use are in accordance with 

the approved project SOPS. The auditors will also check that the field documentation logs and chain-of- 

custody forms are being filled out properly. 
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11 .O PREVENTATIVE MAINTENANCE 

C F Braun has established a program for the maintenance of field equipment to ensure the availability of 

equipment in good working order when and where it is needed. This program consists of the following 

elements: 

. The equipment manager keeps an inventory of the equipment in terms of items (model and 

serial number) quantity and condition. Each item of equipment is signed out when in use, and 

its operating condition and cleanliness checked upon return. 

. The equipment manager conducts routine checks on the status of equipment and is 

responsible for the stocking of spare parts and equipment readiness. 

. The equipment manager maintains the equipment manual library and trains field personnel in 

the proper use and care of equipment. 

. The FOL is responsible for working with the equipment manager to make sure that the 

equipment is tested, cleaned, charged, and calibrated in accordance with the manufacturer’s 

instructions before being taken to the job site. 

The laboratory follows a well-defined program to prevent the failure of laboratory equipment and 

instrumentation. This preventative program, includes the periodic inspection, lubrication, cleaning, and 

replacement of parts of the equipment, and is detailed in the laboratory quality assurance plan. 
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12.0 DATA ASSESSMENT PROCEDURES 

12.1 REPRESENTATIVENESS, ACCURACY, AND PRECISION 

All data generated in the investigation will be assessed for its representativeness, accuracy, and 

precision, as feasible. The completeness of the data will also be assessed by comparing the valid 

acquired data to the project objectives to see that these objectives are being addressed and met. The 

specific procedures used to determine data precision, accuracy, and completeness will be provided in the 

analytical reports. 

The representativeness of the data will be assessed by determining if the data are consistent with known 

or anticipated hydrogeologic or chemical conditions and accepted principles. Field measurements will be 

checked for completeness of procedures and documentation of procedures and results. 

Precision and accuracy will be evaluated using replicate and duplicate samples and trip blank samples, 

respectively. The specific procedures for determining PARCC parameters are outlined in Section 3.0. 

12.2 VALIDATION 

As discussed in Section 8.0, data validation is not being performed for this RD project, because the 

information observed is for basic design purposes only and does not require validation. However, a data 

review will be conducted. This review will compare the results obtained with previous data sets and 

expected trends, (e.g. decrease in concentration with treatment). 
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13.0 CORRECTIVE ACTIONS 

The Brown & Root Environmental QA program will enable problems to be identified, controlled, and 

corrected. Potential problems may involve nonconformance with the SOPS and/or analytical procedures 

established for the project or other unforeseen difficulties. Any person identifying an unacceptable 

condition will notify the project manager. The project manager, with the assistance of the project QA/QC 

advisor, will be responsible for developing and initiating appropriate corrective action and verifying that 

the correction action has been effective. Corrective actions may include the following: resampling 

and/or reanalysis of sample, amending or adjusting project procedures. If warranted by the severity of 

the problem (for example, if a change in the approved work plan is required), the Navy will be notified in 

writing and their approval will be obtained prior to implementing any change. Additional work that is 

dependent on a nonconforming activity will not be performed until the problem has been eliminated. 

The laboratory maintains an internal closed-loop corrective action system that operates under the 

direction of the laboratory QA coordinator. 
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14.0 QUALITY ASSURANCE REPORTS TO MANAGEMENT 

The QA/QC manager will review all aspects of the implementation of the FSAP on a regular basis and 

with the use of designated support personnel, will prepare a summary report. Reviews will be performed 

at the completion of each field activity and reports will be completed at this time. These reports will 

include an assessment of data quality and the results of system and/or performance audits. Any 

significant QA deficiencies will be reported and identified, and corrective action possibilities discussed. 

The laboratory will issue monthly progress reports. 
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APPENDIX A 

AIR PERMIT WAIVER LETTER 



New York State Department of Environmental Conservation 
50 Wolf Road, Albany, New York 12233-7010 

Mkhacl D. Zajya 
Commissioner 

April 5. 1995 

Mr. David Brayack, P.E. 
Halliburton NUS Environmental Corporation 
661 Anderson Drive 
Pittsburgh, PA 115014250 

RE: NWIRP-Be- 
Calvenon-NWIRP 
Site Numbers: 130003B 152136 

Dear Mr. Brayack: 

Enclosed please find three (3) copies of the permit form for a Process, Exhaust or Ventilation 
System along with a copy of the instruction manual. 

A permit application need not be submitted for the soil vapor extraction pilot test programs at 
the above-referenced sites as long as there is a treatment system in place (such as a vapor phase 
granular activated carbon system) at each site. A permit application will be required for each site as 
part of the design reports for the full-scaie soil vapor extraction systems. 

If you have any questions regarding this matter, please feel free to contact me at (5 18) 457-3395 
or Jeff McCullough at (5 18) 457-3976. 

Ve,ry truly yours, 

John D. Barnes, P.E. 
,Bnvironmental Engineer 2 

./ Bureau of Eastern Remedial Action 
Div. of Hazardous Waste Remediation 

cc: S. Ervolina 
S. McCormick 
M. Chen 
J. McCullough 
J. Colter (Navy) 
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TECHNICAL SPECIFICATION FOR CONSTRUCTION OF 
PILOT SCALE REMEDIATION SYSTEM 

NAVAL WEAPONS INDUSTRIAL RESERVE PLANT 
BETHPAGE, NEW YORK 

CONTRACT NUMBER N62472-90-D-1298, CTO-0213 

1.0 INTRODUCTION 

A pilot-scale remediation system will be installed at the NWIRP, Bethpage, New York. The remediation 

system will consist of an air sparging/vapor soil extraction system (AS/SVE) in which air is injected into 

the ground via an injection well and extracted through contaminated soil via extraction wells to remove 

the volatile organic compound (VOC) trapped in the soil and groundwater. The VOCs are removed from 

the vapor in a carbon adsorption off-gas treatment system before release into the atmosphere. The 

spent carbon in the off-gas treatment system can then be reactivated for later use. The pilot-scale 

system to be installed for this project is intended to provide information regarding removal and treatment 

of chlorinated volatile organic compounds (chlorinated VOCs). 

The work required to install the pilot-scale system includes placement of injection, extraction, and 

monitoring wells, blowers, piping, electrical hookup and emissions control equipment. All wells will be 

installed by a drilling subcontractor procured by C F Braun, 

The purpose of the pilot-scale system is to determine final design parameters including effective radii of 

influence, off-gas treatment requirements, subsurface soil conditions, well location and depth 

requirements, flow rate requirements, vacuum and injection pressures, and removal efficiencies. 

2.0 SCOPE OF WORK 

The scope of work for the installation of the pilot-scale AS/SVE system is defined as follows: 

. Mobilization/demobilization. 

. Installation of injection, extraction, and monitoring wells. 

. Procurement and installation of blowers, piping, and vapor phase carbon units. 

. Collection of soil, groundwater, and air samples prior to, during, and/or after system operation. 

. An existing building located at Site 1 will be used to house the unit. 
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2.1 MOBlLlZATlON/DEMOBlLlZATlON 

Mobilization/demobilization includes the following: 

Mobilization to the site. 

Securing any necessary permits. 

Initial Health and Safety meeting of approximately 2 hours (presented by C F Braun). 

All decontamination of excavation and transportation equipment, including hauling of potable 

water for high-pressure water cleaning and decontamination purposes. 

Miscellaneous supplies (crew PPE, air monitoring equipment, hand tools, etc.) 

Incidental site clearing and site access. 

General site clean-up. 

Demobilization from the site. 

Decontamination operations will consist of washing large equipment (excavation buckets, tires, etc.) 

using a high pressure potable wash prior to demobilizing equipment from the site. All decontamination 

water will be collected and transported to the Industrial Wastewater Treatment plant located near the 

Navy’s recharge basin. 

2.2 AIR INJECTION SYSTEM 

The air injection system will consist of a positive displacement air injection blower, conveyance piping, 

and one injection well. A piping schematic is provided as Attachment C-l. The air injection well will be 

located approximately 60 feet from the center of Cesspool 79, see Figure 4-1. 

The positive displacement air injection blower will be a rotary lobe-type blower, rated for 35 CFM and 60 

CFM at 6 psi. Multiple sheaves will be used to provide this range of flowrates. The blower will be 

equipped with a high temperature cutoff switch and a pressure switch interlock to the vapor extraction 

system piping, where a lack of vacuum on the extraction system will cause the injection blower to shut 

down. The blower will be equipped with inlet and outlet air silencers to reduce noise levels and an inlet 

air filter to remove ambient dust. The blower and associated control panel will be pre-assembled and 

mounted on a skid. This skid will be placed within an existing building at Site 1. The skid will be 

anchored to the existing concrete slab via four 3/4-inch cinch bolts. A 5 to 7.5 HP (based on blower 

efficiency), three-phase, 480 volt motor will be used. 

The conveyance piping will consist of 10 feet of 2-inch carbon steel pipe immediately adjacent to the 

blower to dissipate heat, a flexible rubber coupling for vibration control, 2-inch schedule 40 PVC pipe, 
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two 2-inch ball valves to control air flow to the sparge well and provide a pressure bleed off, and a 4-inch 

noise suppresser on the pressure bleed off. Expansion joints will be installed on each straight run of 

pipe greater than 100 feet. Sample taps and plugs will be installed on the injection line to allow 

measurement of air velocity and line pressure. Line size calculations are provided as Appendix F. 

The air injection well (IWOI) will consist of a 2-inch PVC riser pipe, with a 2-foot long 0.020 inch slot size 

well screen located 10 feet below the water table. Total depth of well will be approximately 70 feet below 

ground surface. The well will be installed using a 4-inch diameter hollow stem auger. During installation 

of the well, split spoon samples will be collected every 10 feet. These samples will be classified in the 

field for lithology. In addition, PID readings will be taken from the split spoon head space. 

Well construction details are as follows. 

. 

. 

. 

. 

. 

. 

. 

2.3 

Auger to 10 feet below the water table. 

Collect split spoons sample every 10 feet during augering. The last split spoon sample will be 

collected at 8 to 10 feet below the water table (screened interval). 

Place the injection well at depth. 

Install No. 1 Sand around the well screen to a height of two feet above the well screen. 

Install a 2 foot thick bentonite seal. 

Complete the well with a cement/bentonite grout. 

The well will be developed by pumping and/or surging methods to obtain a final water turbidity of 

50 NTUs. 

VAPOR EXTRACTION SYSTEM 

The vapor extraction system will consist of a positive displacement soil vapor extraction blower, moisture 

separator, conveyance piping, five vapor extraction wells, and two vapor phase carbon units. A piping 

schematic is provided as Attachment C-2. The locations of the extraction wells are presented in 

Figure 4-l. Extraction Wells EWOl to EW04 are to located based on IWO1 as a reference point. EW05 

is to be located in Cesspool 79. 
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The positive displacement vapor extraction blower will be rated for 100 cfm and 150 cfm at +l psi/-5 

inches of mercury. Multiple sheaves will be used to provide this range of flowrates. The blower will be 

equipped with a high temperature and high water level (moisture separator) cut off switch. In addition, 

an inlet air filter will be used to remove potential dust and sand in the extraction system. The blower, 

moisture separator, and associated control panel will be pre-assembled on a skid. The skid will be 

placed within an existing building at Site 1. The skid will be anchored to the existing concrete slab via 

3/4-inch cinch bolts. A 5 to 7.5 HP (based on blower efficiency), three-phase 480 volt motor will be used. 

The moisture separator will consist of a 55-gallon tank, complete with a high water level switch and drain 

tap. The moisture separator will mounted on the blower skid. 

The conveyance system will consist of a vacuum component to the extraction wells and a pressure 

component to the vapor phase carbon. The vacuum piping will consist of a flexible rubber coupling for 

vibration control, a 4-inch PVC header. five 2-inch schedule 40 PVC lines, (one to each well), and five 

2-inch ball valves to control air flow to each extraction well, plus one vacuum bleed valve. Expansion 

joints will be installed on each straight run of pipe greater than 100 feet. Sample taps will be installed in 

the header, and on each extraction well line to allow measurement of flow rate and pressure, as well as 

to allow samples of the soil vapor to be collected. A manual and automatic vacuum relief valve will be 

provided on the vacuum piping to prevent excessive line vacuums. 

The pressure piping will consist of 10 feet of 3-inch carbon steel at the blower outlet to dissipate heat, a 

rubber coupling for vibration control, and 4-inch PVC pipe leading to, between, and after the carbon 

units. Sample taps will be installed on this line prior to, between, and after the carbon unit to allow 

measurement of flow rate and pressure, as well as to allow soil vapor samples to be collected. Line size 

calculations are provided as Appendix F. 

The soil vapor extraction wells will be five 2-inch PVC riser pipes, with screened intervals at location- 

specific depths. Three of the extraction wells (EWOl , EW02, and EW03) will be installed to a depth of 5 

feet below the water table (approximately 65 feet) and include a 15 foot long screen with a 0.020 slot 

size. The fourth extraction well (EW04) will be installed to a depth of 30 feet below ground surface and 

include a 10 foot long screen, with a 0.020 slot size. The fifth extraction well (EW05) will be located 

within an existing cesspool (Cesspool 79) to a depth of 20 feet and include a 5 foot long well screen, with 

a 0.020 slot size. This well will be installed through an existing opening .in the cesspool. 

The wells will be installed using a 4-inch hollow stem auger. During installation of the well, split spoon 

samples will be collected every 10 feet. In addition, one split spoon sample will be collected in the 
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middle of each screened interval. These samples will be classified in the field for lithology. In addition, 

PID readings will be taken from the split spoon head space. 

Well construction details are as follows. 

Auger to the depth of each well, collecting a split spoon sample every 10 feet. In addition, collect 

one split spoon sample in the middle of the screened interval. 

Place the extraction well at depth. 

Install No. 1 Sand around the well screen to a height of one foot above the well screen. 

Install a 2 foot thick bentonite seal. 

Complete the well with a cement/bentonite grout. 

The wells which are installed below the water table will be developed by pumping and/or surging 

methods to obtain a final water turbidity of 50 NTUs. 

The moisture knockout drum will be a 55-gallon tank, with a high moisture level switch and drain. This 

tank will be mounted on the same skid as the blower. 

Two 2000-pound vapor phase activated carbon units will be used to treat the extracted air prior to 

discharge. The vapor phase carbon units will be used in series. The carbon units will be located outside 

the blower building. 

2.4 SOIL VAPOR PRESSURE MONITORS 

Four soil vapor pressure monitors (SVPM 1 to 4) will be located at a distance of 10, 20, 30, and 60 feet 

from the air injection well, as shown in Figure 4-l. The screened depth of each monitor will be 25 to 30 

feet below ground surface. A fifth monitor (SVPM 5) will be located at a distance of 10 feet from the 

center of Cesspool - CP79 and have a screened depth of 15 to 20 feet below ground surface. The fifth 

monitor should also be located at a distance of approximately 40 feet from the air injection well. The 

location of these four soil vapor pressure monitors coincides with distances of approximately 10, 20, 30, 

40, 50, 60, 80, 100, and 120 feet from one or more air extraction wells. 

The soil vapor monitors are to be installed as described for the soil vapor extraction wells. 
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Also, air extraction wells will be used to supplement these soil vapor pressure monitors during the air 

injection and extraction system testing. As previously indicated, three of the air extraction wells will be 

screened at the water table (60 to 70 feet below ground surface), one well will be screened at 20 to 30 

feet below ground surface, and one well will be screened at 15 to 20 feet below ground surface. 

2.5 GROUNDWATER PRESSURE MONITORS AND MONITORING WELL 

Two 2-inch groundwater pressure monitors (GPM 2 and GPM 3) will be located a distance of 10 and 30 

feet from the air injection well. These wells will be used to assess groundwater flow at these depths and 

distances. The screened interval on these monitors will be 4 to 6 feet below the water table. Total depth 

of the two monitors is approximately 66 feet below ground surface. 

One new groundwater monitoring well (CFB-01) will be located 30 feet‘south (hydraulically downgradient) 

of the air injection well. The screened interval on this monitoring well will be from 2 feet above the water 

table to 8 feet below the water table. 

In addition to the groundwater pressure monitors and monitoring well, the three air extraction wells 

located into the water table, will be used to monitor groundwater table elevation fluctuations during the 

trial. Groundwater table monitors will be available at distances of 10, 20, 30, and 40 feet from the air 

injection wells. 

2.6 POWER SUPPLY 

Two existing 440 volt, 30 amp, three-phase djsconnect switches, located in the proposed blower building, 

will be used to supply power to the two blowers. Two existing, but unused building heaters will be 

temporary disconnected. A certified New York State electrician will be subcontracted to perform the 

work. 

2.7 UTILITY CLEARANCE 

Each of the soil boring and well locations will be cleared for utilities prior to construction by reviewing 

facility drawings, interviewing local personnel, toning by the local phone company, and confirming in the 

field with a pipe and cable locator. In addition, over 100 abandoned cesspools are present at the site. 

Cesspools are reportedly 8 feet in diameter and are located on 30 foot centers. Except for EW05 and 

associated soil borings, these cesspools should be avoided. Reportedly, each cesspool is covered with a 
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several inch-thick concrete cap at a depth of 1 to 3 feet below ground surface. If encountered during 

drilling, the drilling location should be moved north or south to avoid them. 
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APPENDIX D 

STANDARD OPERATING PROCEDURES 

Groundwater Sample Acquisition and Onsite Water Quality Testing 

Air Monitoring and Sampling 

Non-Radiological Sample Handling 

Decontamination of Field Equipment and Waste Handling 

Soil and Rock Drilling Methods 

Borehole and Sample Logging 

Groundwater Monitoring Point Installation 
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1.0 PURPOSE 

The purpose of this procedure is to provide general reference information regarding the sampling of 
groundwater wells. 

2.0 SCOPE 

This procedure provides information on proper sampling equipment, onsite water qualii testing, and 
techniques for groundwater sampling. Review of the information contained herein will faciiiite planning 
of the field sampling effort by describing standard sampling techniques. The techniques described shall 
be followed whenever applicable, noting that site-specific conditions or project-specific plans may require 
modifications to methodology. 

3.0 GLOSSARY 

Conductance - The conductance of a conductor 1 centimeter long and 1 square centimeter in cross- 
sectional area. For groundwater measurements, a volume of water contained in a 1 cm x 1 cm sample 
container (the water acts as the conductor). Conductivii and specific conductance are used 
synonymously. 

Electrolvtic Cell - An electrochemical cell in which electrioal energy is supplied from an external source. 
This cell functions in much the same way as a galvanic cell, only the current flows in the opposite 
direction due to the external source of applied voltage. Electrolytic cells are used in dissolved oxygen 
measurement. 

Galvanic Cell - A electrochemical cell in which chemical energy is spontaneously converted to electrical 
energy. The electrical energy produced is supplied to an external circuit. Galvanic cells are used in 
dissolved oxygen measurement. 

Ohm - Standard unit of electrical resistance (R). Used in specific conductance measurement. A siemen 
(or umho) is the standard unit of electrical conductance, the inverse of the ohm. 

Oxidation-Reduction Potential (ORP) - A measure of the activity ratio of oxidizing and reducing species 
as determined by the electromotive force developed by a noble metal electrode. immersed in water, as 
referenced against a standard hydrogen electrode. 

&l - The negative logarithm (base 10) of the hydrogen ion activity. The hydrogen ion activii is related 
to the hydrogen ion concentration. and, in a relatively weak solution, the two are nearly equal. Thus, for 
all practical purposes, pH is a measure of the hydrogen ion concentration. 

pH Paper - Indicator paper that turns different colors depending on the pH of the solution to which lt is 
exposed. Comparison with color standards supplied by the manufacturer will then give an indication of 
the solution’s pH. 

Resistance - A measure of the solution’s ability to oppose the passage of electrical current. For metals 
and solutions, resistance is defined by Ohm’s Law, E = IA, where E is the potential difference, I is the 
current, and R is the resistance. Used in measurement of specific conductance. 
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4.0 RESPONSlBlLlTfES 

Project Hvdrooeoioqist - Responsible for selecting and detailing the specific groundwater sampling 
techniques, onsite water quality testing (type, frequency. and location), and equipment to be used, and 
providing detailed input in this regard to the project plan documents. The project hydrogeologist is aiso 
responsible for properly briefing and overseeing the performance of the site sampling personnel. 

Project Geoloaist - is pnmarily responsible for the proper acquisition of the groundwater samples. 
He/she is also responsible for the actual analyses of onsite water quality samples, as well as instrument 
calibration, care, and maintenance. When appropriate, such responsibilities may be performed by other 
qualified personnel (e.g., field technicians). 

5.0 PROCEDURES 

5.1 General 

To be useful and accurate, a groundwater sample must be representative of the particular zone of the 
water being sampled. The physical, chemical, and bacteriological integrity of the sample must be 
maintained from the time of sampling to the time of analysis in order to keep any changes in water 
qualii parameters to a minimum. 

Methods for withdrawing samples from completed weils include the use of pumps. compressed air, 
bailers, and various types of samplers. The primary considerations in obtaining a representative sample 
of the groundwater are to avoid collection of stagnant (standing) water in the well and to avoid physical 
or chemical alteration of the water due to sampling techniques. In a non-pumping well, there will be little 
or no vertical mixing of water in the well pipe or casing, and stratification will occur. The well water in 
the screened section wiil mix with the groundwater due to normal flow patterns, but the well water above 
the screened section wiil remain isolated and become stagnant. To safeguard against collecting non- 
representative stagnant water in a sample, the following approach shall be followed prior to sample 
acquisition: 

1. All monitoring wells shall be purged prior to obtaining a sample. Evacuation of three to five 
volumes is recommended prior to sampling. In a high-yielding groundwater formation and 
where there is no stagnant water in the well above the screened section, extensive evacuation 
prior to sample withdrawal is not as critical. 

2. For wells that can be purged dry, the well shall be evacuated‘and allowed to recover prior 
to sample acquisition. If the recovery rate is fairly rapid, evacuation of more than one volume 
of water is required. 

3. For high-yielding monitoring wells which cannot be evacuated to dryness, there is no 
abeolute safeguard against contaminating the sample with stagnant water. One of the 
following techniques shall be used to minimize this possibility: 

l A submersible pump or the intake line of a surface pump or bailer shall be placed,just 
beiovv the water surface when removing the stagnant water and lowered as the water 
level drops. Three to fNe volumes of water shall be removed to provide reasonable 
assurance that all stagnant water has been evacuated. Once this is accomplished. a 
bailer or other approved device may be used to collect the sample for analysis. 

019611/P Brown 8 Root Environmental 
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0 The intake line of the sampling pump (or the submersible pump itsetf) shall be placed 
near the bottom of the screened section, and approximately one casing volume of 
water shall be pumped from the well at a low purge rate, equal to the well’s recovery 
rate (low flow sampling). 

Stratification of contaminants may exist in the aquifer. Concentration gradients as a result of mixing and 
dispersion processes, layers of variable permeability, and the presence of separate-phase product (i.e, 
floating hydrocarbons) may cause stratification. Excessive pumping or improper sampling methods can 
dilute or increase the contaminant concentrations in the recovered sample compared to what is 
representative of the integrated water column as it naturally occurs at that point, thus the result is the 
collection of a non-representative sample. 

5.2 SamrAins, Monitoring, and Evacuation Equipment 

Sample containers shall conform with the guidelines expressed in SOP SA-6.1. 

The following equipment shall be on hand when sampling ground water wells (reference SOPS SA-6.1 
and SA-7.1) : 

0 

0 

* 0 

Samole oackaqinq and shiooinq equipment - Coolers for sample shipping and cooling, 
chemical preservatives, appropriate sampling containers and filler, ice, labels and chain-of- 
custody documents. 

Field tools and Instrumentation - Thermometer, pH paper/meter, camera and film (ii 
appropriate), appropriate keys (for locked wells), engineer’s rule, water level indicator, specific 
conductivity meter, and turbidity meter (as applicable). 

Pumas 

Shallow-well pumps: Centrifugal, pitcher, suction, or peristaltic pumps with droplines. 
air-lift apparatus (compressor and tubing) where applicable. 

* Deep-well pumps: Submersible pump and electrical power-generating unit, or air-lift 
apparatus where applicable. 

Other samplina equipment - Bailers and inert line with tripod-pulley assembly (if necessary). 
Bailers or submersible centrifugal pumps shall be used to obtain samples for volatile organics 
from shallow and deep groundwater wells. 

Pails - Plastic, graduated. 

Decontamination solutions - Deionized water, laboratory detergents, 10% nitric acid solution 
(as required), and analytical-grade solvents (e.g., methanol, acetone, hexane), as required. 

Ideally, sample withdrawal equipment shall be completely inert, economical, easily cleaned, cleaned prior 
to use, reusable, able to operate at remote sites in the absence of power sources, and capable of 
delivering variable rates for well flushing and sample collection. 
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5.3 Calculations of Well Volume 

To insure that the proper volume of water has been removed from the well prior to sampling it is first 
necessary to know the volume of standing water in the well pipe. This volume can be easily calculated 
by the following method. Calculations shall be entered in the site logbook or field notebook or on a 
sample log sheet form (see SOP SA6.3): 

0 Obtain all available information on well construction (location, casing, screens, etc.). 

0 Determine well or casing diameter. 

0 Measure and record static water level (depth below ground level or top of casing reference 
point). 

a Detenrrine depth of well by sounding using a clean, decontaminated. weighted tape measure. 

0 Calculate number of linear feet of static water (total depth or length of well pipe minus the 
depth to static water level). 

0 Calculate one static well volume in gallons V = (0.163XTXr2) 

where: V = Static volume of well in gallons. 
T = Thickness of water table in the well measured in feet (i.e., linear 

feet of static water). 
r = Inside radius of well casing in inches. 
0.163 = A constant conversion factor which compensates for the 

conversion of the casing radius from inches to feet, the 
conversion of cubic feet to gallons, and pi. 

0 Per evacuation volumes discussed above, determine the minimum amount to be evacuated 

before sampling. 

5.4 Evacuation of Static Water (PumincQ 

5.4.1 General 

The amount of purging a well shall receive prior to sample collection will depend on the intent of the 
monitoring program and the hydrogeologic conditions. Programs to determine overall quality of water 
resources may require long pumping periods to obtain a sample that is representative of a large volume 
of that aquifer. The pumped volume may be specified prior to sampling so that the sample can be a 
composite of a known volume of the aquifer. Alternately the well can be pumped until the parameters 
such as temperature, electrical conductance, pH, and turbidity (as applicable), have stabilized. Onslte 
measurements of these parameters shall be recorded in the site logbook, field notebook, or on 
standardized data sheets. 

Olgeli/P Brown 8 Root Environmsntd 
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5.4.2 Evacuation Devices 

The following discussion is limited to those devices commonly used at hazardous waste sites. 
Attachment A provides guidance on the proper evacuation device to use for given sampling situations. 
Note that all of these techniques involve equipment which is portable and readily available. 

Bailers 

Bailers are the simplest evacuation devices used and have many advantages. They generally consist of 
a length of pipe with a sealed bottom (bucket-type bailer) or, as is more useful and favored, with a ball 
check-valve at the bottom. An inert line is used to lower the bailer and retrieve the sample. 

Advantages of bailers include: 

0 Few limitations on size and materials used for bailers. 
0 No external power source needed. 
0 Bailers are inexpensive, and can be dedicated and hung in a well to reduce the chances of 

cross-contamination. 
a There is minimal outgassing of volatile organics while the sample is in the bailer. 
l Bailers are relatively easy to decontaminate. 

Limitations on the use of bailers include the following: 

l It is time consuming to remove stagnant water using a bailer. 
0 Transfer of sample may cause aeration. 
0 Use of bailers is physically demanding, especially in warm temperatures at protection levels 

above Level D. 

Suction Pumps 

There are many different types of inexpensive suction pumps including centrifugal, diaphragm, peristaltic, 
and pitcher pumps. Centrifugal and diaphragm pumps can be used for well evacuation at a fast pumping 
rate and for sampling at a low pumping rate. The peristaltic pump is a low volume pump that uses 
rollers to squeeze a flexible tubing, thereby creating suction. This tubing can be dedicated to a well to 
prevent cross contamination. The pitcher pump is a common farm hand-pump. 

These pumps are all portable, inexpensive and readily available. However, because they are based on 
suction, their use is restricted to areas with water levels within 20 to 25 feet of the ground surface. A 
significant limitation is that the vacuum created by these pumps can cause significant loss of dissolved 
gases and volatile organics. 

Air-Lift Samplers 

This group of pump samplers uses gas pressure either in the annulus of the well or in a venturi to force 
the water up a sampling tube. These pumps are also relatively inexpensive. Air (or gas)-lift samplers 
are more suitable for well development than for sampling because the samples may be aerated, leading 
to pH changes and subsequent trace metal precipitation, or loss of volatile organics. 

^ - - 
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Submersible Pumps 

Submersible pumps take in water and push the sample up a sample tube to the surface. The power 
sources for these samplers may be compressed gas or electricity. The operation principles vary and the 
displacement of the sample can be by an inflatable bladder, sliding piston, gas bubble, or impeller. 
Pumps are available for 24nchdiameter wells and larger. These pumps can lift water from considerable 
depths (several hundred feet). 

Limitations of this class of pumps include: 

0 They may have low delivery rates. 
0 Many models of these pumps are expensive. 
0 Compressed gas or electric power is needed. 
0 Sediment in water may cause clogging of the valves or eroding the impellers with some of 

these pumps. 
0 Decontamination of internal components can be difficult and time-consuming. 

5.5 Onsite Water Qualitv Testinq 

This section describes the procedures and equipment required to measure the following parameters of 
an aqueous sample in the field: 

0 PH 
0 Specific Conductance 
0 Temperature 
l Dissolved Oxygen (DO) Concentration 
a Oxidation Reduction Potential 
0 Certain Dissolved Constituents Using Specific Ion Elements 
0 Turbidity 

This section is applicable for use in an onsite groundwater quality monitoring program to be conducted 
at a hazardous or nonhazardous site. The procedures and equipment described are applicable to 
groundwater samples and are not, in general, subject to solution interferences from color, turbidity, and 
colloidal material or suspended matter. 

This section provides general information for measuring the parameters listed above with instruments and 
techniques in common use. Since instruments from different manufacturers may vary, review of the 
manufacturer’s literature pertaining to the use of a specific instrument is required before use. 

5.5.1 Measurement of pH 

5.5.1.1 General 

Brown 8 Root Environmental 

Measurement of pH Is one of the most important and frequently used tests in water chemistry. 
Practically every phase of water supply and wastewater treatment such as acid-base neutralization, water 
softening, and corrosion control is pH dependent. Likewise, the pH of leachate can be correlated with 
other chemical analyses to determine the probable source of contamination. It is therefore important that 
reasonably accurate pH measurements be taken. 



Subject 1 Number 1 Pago 1 
SA-1.1 8 of 27 

GROUNDWATER SAMPLE 
ACQUISITION AND ONSITE WATER Revision Effeotw@ oau 

QUALJN TESTING 3 03/01 j96 

I 

Two methods are given for pH measurement: the pH meter and pH indicator paper. The indicator paper 
is used when only a rough estimate of the pH is required, and the pH meter when a more accurate 
measurement is needed. The response of a pH meter can be affected to a slight degree by high levels 
of colloidal or suspended solids, but the effect is usually small and generally of little significance. 
Consequently, specific methods to overcome this interference are not described. The response of pH 

paper is unaffected by solution interferences from color, turbidity, colloidal or suspended materials unless 
extremely high levels capable of coating or masking the paper are encountered. In such cases, use of 
a pH meter is recommended. 

5.5.1.2 Principles of Eauioment Operation 

Use of pH papers for pH measurement relies on a chemical reaction caused by the acidity or basicity 
of the solution created by the addition of the water sample reacting with the indicator compound on the 
paper. Various types of pH papers are available, including litmus (for general acidity or basicity 
determination) and specific pH range hydrion paper. 

Use of a pH meter relies on the same principle as other ion-specific electrodes. Measurement relies on 
establishment of a potential difference across a glass or other type of membrane in response to (in this 
instance. hydrogen) ion concentration across that membrane. The membrane is conductive to ionic 
species and, in combination with a standard or reference electrode, a potential difference proponional 
to the ion concentration is generated and measured. 

5.5.1.3 Eauipment 

The following equipment is needed for taking pH measurements: 

0 Stand-alone 150 portable pH meter, or combination meter (e.g., Horiba U-lo), or combination 
meter equipped with an in-line sample chamber. 

0 Combination electrode with polymer body to fit the above meter (alternately a pH electrode 
and a reference electrode can be used if the pH meter is equipped with suitable electrode 
inputs). 

l Buffer solutions. as specified by the manufacturer. 

l pH indicator paper, to cover the pH range 2 through 12. 

0 Manufacturer’s operation manual. 

5.5.1.4 Measurement Techniaues for Field Determination of DH 

pH Meter 

The following procedure is used for measuring pH with a pH meter (meter standardization is according 
to manufacturer’s instructions): 

0 Inspect the instrument and batteries prior to initiation of the field effort. 

l Check the integrity of the buffer solutions used for field calibration. Buffer solutions need to 
be changed often as a result of degradation upon exposure to the atmosphere. 

019611/P 
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Immerse the tip of the electrodes in water overnight. If this is not possible due to field 
conditions, immerse the electrode tip in water for at least an hour before use. The electrode 
tip may be immersed in a rubber or plastic sack containing buffer solution for field transport 
or storage. This is not applicable for all electrodes as some must be stored dry. 

If applicable, make sure ail electrolyte solutions within the electrode(s) are at their proper 
levels and that no air bubbles are present within the electrode(s). 

Calibrate on a daily use basis following manufacturer’s instructions. Record calibration data 
on an equipment calibration log sheet. 

Immerse the electrode(s) in the unknown solution, slowly stirring the probe until the pH 

stabilizes. Stabilization may take several seconds to minutes. If the pH continues to drift, 
the sample temperature may not be stable, a physical reaction (e.g., degasaing) may be 
taking place in the sample, or the meter or electrode may be malfunctioning. This must be 
clearly noted in the logbook. 

Read and record the pH of the solution. pH shall be recorded to the nearest 0.1 pH unit. 
Also record the sample temperature. 

Rinse the electrode(s) with deionized water. 

Store the electrode(s) in an appropriate manner when, not in use. 

Any visual observation of conditions which may interfere with pH measurement, such as oily materials, 
or turbidity, shall be noted. 

pH Paper 

Use of pH paper is very simple and requires no sample preparation, standardization, etc. pH paper is 
available in several ranges, including wide-range (indicating approximately pH 1 to 12), mid-range 
(approximately pH 0 to 6. 6 to 9. 6 to 14) and narrow-range (many available, with ranges as narrow as 
1.5 pH units). The appropriate range of pH paper shall be selected. If the pH is unknown the 
investigation shall start with wide-range paper and proceed with successively narrower range paper until 
the sample pH is adequately determined. 

5.5.2 Measurement of Specific Conductance 

5.5.2.1 General 

Conductance provides a measure of dissolved ionic species in water and can be used to identify the 
direction and extent of migration of contaminants in groundwater or surface water. It can also be used 
as a measure of subsurface biodegradation or to indicate alternate sources of groundwater 
contamination. 

019611/P Bfown & Root Environrnemal 

Conductivity is a numerical expression of the ability of a water sample to carry an electric current. This 
value depends on the total concentration of the ionized substances dissolved in the water and the 
temperature at which the measurement is made. The mobility of each of the various dissolved ions, their 
valences, and their actual and relative concentrations affect conductivity. 



SUBjOCt Number P8gr 
SA-1.1 10 of 27 

GROUNDWATER SAMPLE 
ACQUISITION AND ONSITE WATER Revision Effecbva oat0 

QUALITY TESTING 3 03/01/96 

It is important to obtain a specific conductance measurement soon after taking a sample, since 
temperature changes, precipitation reactions, and absorption of carbon dioxide from the air all affect the 
specific conductance. 

5.5.2.2 Principles of Eauipment Operation 

An aqueous system containing ions will conduct an electric current. In a direct-current field, the positive 
ions migrate toward the negative electrode, while the negatively charged ions migrate toward the positive 
electrode. Most inorganic acids, bases and salts (such as hydrochloric acid, sodium carbonate, or 
sodium chloride, respectively) are relatively good conductors. Conversely, organic compounds such as 
sucrose or benzene, which do not disassociate in aqueous solution, conduct a current very poorly, if at 
all. 

A conductance cell and a Wheatstone Bridge (for the measurement of potential difference) may be used 
for measurement of electrical resistance. The ratio of current applied to voltage across the cell may also 
be used as a measure of conductance. The core element of the apparatus is the conductivity cell 
containing the solution of interest. Depending on ionic strength of the aqueous solution to be tested, 
a potential difference is developed across the cell which can be converted directly or indirectly 
(depending on instrument type) to a measurement of specific conductance. 

5.5.2.3 Equipment 

The following equipment is needed for taking specific conductance (SC) measurements: 

l Stand alone portable conductivity meter. or combination meter (e.g., Horiba U-lo), or 
combination meter equipped with an in-line sample chamber. 

l Calibration solution, as specified by the manufacturer. 
l Manufacturer’s operation manual. 

A variety of conductivity meters are available which may also be ‘used to monitor salinity and 
temperatures. Probe types and cable lengths vary, so equipment must be obtained to meet the specific 
requirement of the sampling program. 

5.5.2.4 Measurement Techniaues for Specific Conductance 

The steps involved in taking specific conductance measurements are listed below (standardization is 
according to manufacturer’s instructions): 

0 Check batteries and calibrate instrument before going into the field. 

l Calibrate on a daily use basis, according to the manufacturer’s instructions and record all 
pertinent information on an equipment calibration log sheet. Potassium chloride solutions 
with a SC closest to the values expected in the field shall be used for calibration. Attachment 
B provides guidance in this regard. 

Cm Rinse the cell with one or more portions of the sample to be tested or with deionized water. 
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l Immerse the electrode in the sample and measure the conductivity. Adjust the temperature 
setting to the sample temperature (ii applicable). 

l Read and record the results in a field logbook or sample log sheet. 

l Rinse the electrode with deionized water. 

If the specific conductance measurements become erratic, recalibrate the instrument and see the 
manufacturer’s instructions for details. 

5.5.3 Measurement of Temperature 

5.5.3.1 General 

In combination with other parameters, temperature can be a useful indicator of the likelihood of biological 
action in a water sample. It can also be used to trace the flow direction of contaminated groundwater. 
Temperature measurements shall be taken in-situ, or as quickfy as possible in the field. Collected water 
samples may rapidly equilibrate with the temperature of their surroundings. 

5.5.3.2 Equipment 

Temperature measurements may be taken with alcohol-toluene, mercury filled or dial-type thermometers. 
In addition. various meters such as specific conductance or dissolved oxygen meters, which nave 
temperature measurement capabilities, may also be used. Using such instrumentation along with suitable 
probes and cables. in-situ measurements of temperature at great depths can be performed. 

5.5.3.3 Measurement Techniaues for Water Temperature 

If a thermometer is used to determine the temperature for a water sample: 

l Immerse the thermometer in the sample until temperature equilibrium is obtained (l- 
3 minutes). To avoid the possibility of cross-contamination, the thermometer shall not be 
inserted into samples which will undergo subsequent chemical analysis. 

0 Record values in a field logbook or sample log sheet. 

If a temperature meter or probe is used. the instrument shall be calibrated according to manufacturer’s 
recommendations. 

5.5.4 Measurement of Dissolved Oxygen Concentration 

5.5.4.1 General 

Dissolved oxygen (DO) levels in natural water and wastewater depend on the physical, chemical and 
biochemical activities in the water body. Conversely, the growth of many aquatic organisms es well es 

the rate of conosivity, are dependent on the dissolved oxygen concentration. Thus, analysis for 
dissolved oxygen is a key test in water pollution and waste treatment process control. If at all possible, 
DO measurements shall be taken in-situ, since concentration may show a large change in a short time 
if the sample is not adequately preserved. 

01961 l/P Brown 81 Root Environmwttal 
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The monitoring method discussed herein is limited to the use of dissolved oxygen meters only. Chemical 
methods of analysis (i.e., Winkler methods) are available, but require more equipment and greater sample 
manipulation. Furthermore, DO meters, using a membrane electrode, are suitable for highly polluted 
waters, because the probe is completely submersible, and is not susceptible to interference caused by 
color, turbidity, colloidal material or suspended matter. 

5.5.4.2 Principles Af Equipment Ooeration 

Dissolved oxygen probes are normally electrochemical cells that have two solid metal electrodes of 
different nobility immersed in an electrolyte. The electrolyte is retained by an oxygen-permeable 
membrane. The metal of highest nobility (the cathode) is positioned at the membrane. When a suitable 
potential exists between the two metals, reduction of oxygen to hydroxide ion (OH) occurs at the 
cathode surface. An electrical current is developed that is directly proportional to the rate of arrival of 
oxygen molecules at the cathode. 

Since the current produced in the probe is directly proportional to the rate of arrival of oxygen at the 
cathode, it is important that a fresh supply of sample always be in contact with the membrane. 
Otherwise, the oxygen in the aqueous layer along the membrane is quickly depleted and false low 
readings are obtained. It is therefore necessary to stir the sample (or the probe) constantly to maintain 
fresh solution near the membrane interface. Stirring, however, shall not be so vigorous that additional 
oxygen is introduced through the air-water interface at the sample surface. To avoid this possibility, 
some probes are equipped with stirrers to agitate the solution near the probe, while leaving the surface 
of the solution undisturbed. 

Dissolved oxygen probes are relatively unaffected by interferences. interferences that can occur are 
reactions with oxidizing gases (such as chlorine) or with gases such as hydrogen sulfide. which are not 
easily depolarized from the indicating electrode. If a gaseous interference is suspected, it shall be noted 
in the field log book and checked if possible. Temperature variations can also cause interference 
because probes exhibit temperature sensitivity. Automatic temperature compensation is normally 
provided by the manufacturer. 

5.5.4.3 EquiDment 

The following equipment is needed to measure dissolved oxygen concentration: 

0 Stand alone portable dissolved oxygen meter, or combination meter (e.g., Horiba U-lo), or 
combination meter equipped with an in-line sample chamber. 

0 Sufficient cable to allow the probe to contact the sample. 
l Manufacturer’s operation manual. 

5.5.4.4 Measurement Techniaues for Dissolved Oxvaen Determination 

Probes differ as to specifics of use. Follow the manufacturer’s instructions to obtain an accurate reading. 
The following general steps shall be used to measure the dissolved oxygen concentration: 

0 The equipment shall be calibrated and have its batteries checked in the warehouse before 
going to the field. 
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0 

0 

0 

0 

0 

0 

0 

0 

The probe shall be conditioned in a water sample for as long a period as practical before use 
in the field. Long periods of dry storage followed by short periods of use in the field may 
result in inaccurate readings. 

The instrument shall be calibrated in the field according to manufacturer’s recommendations 
or in a freshly air-saturated water sample of known temperature. Dissdved oxygen values . 
for air-saturated water can be determined by consulting a table listing oxygen solubiiiiies as 
a function of temperature and salinity (see Attachment C). 

Record all peninent information on an equipment calibration sheet. 

Rinse the probe with deionized water. 

Immerse the probe in the sample. Be sure to provide for sufficient flow past the membrane 
by stirring the sample. Probes without stirrers placed in wells can be moved up and down. 

Record the dissolved oxygen content and temperature of the sample in a field logbook or 
sample log sheet. 

Rinse the probe with deionized water. 

Recalibrate the probe when the membrane is replaced, or as needed. Follow the 
manufacturer’s instructions. 

Note that in-situ placement of the probe is preferable, since sample handling is not involved. This 
however, may not always be practical. Be sure to record whether the liquid was analyzed in-situ, or lf 
a sample was taken. 

Special care shall be taken during sample collection to avoid turbulence which can lead to increased 
oxygen solubilization and positive test interferences. 

5.5.5 Measurement of Oxidation-Reduction Potential 

5.5.5.1 General 

The oxidation-reduction potential (ORP) provides a measure of the tendency of organic or inorganic 
compounds to exist in an oxidized state. The ORP parameter therefore provides evidence of the 
likelihood of anaerobic degradation of biodegradable organics or the ratio of activities of oxidized to 
reduced species in the sample. 

5.5.5.2 PdnCiDleS of EquiDment ODeration 

When an inert metal electrode, such as platinum, is immersed in a sdution, a potential is developed at 
that electrode depending on the ions present in the solution. If a reference electrode is placed in the 
same solution, an ORP electrode pair is established. This electrode pair allows the potential difference 
between the two electrodes to be measured and is dependent on the concentration of the ions in 
solution. By this measurement, the ability to oxidize or reduce species in solution may be determined. 
Supplemental measurements, such as dissolved oxygen, may be correlated with ORP to provide a 
knowledge of the quality of the solution, water, or wastewater. 
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5.5.5.3 Eauipment 

The following equipment is needed for measuring the oxidation-reduction potential of a solution: 

0 Portable pH meter or equivalent, with a millivolt scale. 
0 Platinum electrode to fii above pH meter. 
0 Reference electrode such as a calomel, silver-silver chloride, or equivalent. 
0 Reference solution as specified by the manufacturer. 
0 Manufacturer’s operation manual. 

5.5.5.4 Measurement Techniques for Oxidation-Reduction Potential 

The following procedure is used for measuring oxidation-reduction potential: 

l The equipment shall be calibrated and have its batteries checked before going to the field. 

0 Check that the platinum probe is clean and that the platinum bond or tip is unoxidized. If 
dirty, polish with emery paper or, if necessary, clean the electrode using aqua regia, nitric 
acid, or chromic acid, in accordance with manufacturer’s instructions. 

0 Thoroughly rinse the electrode with deionized water. 

0 Verify the sensitivity of the electrodes by noting the change in millivolt reading when the pH 
of the test solution is altered. The ORP will increase when the pH of the test solution 
decreases and the ORP will decrease if the test solution pH is increased. Place the sample 
in a clean container and agitate the sample. Insert the electrodes and note the ORP drops 
sharply when the caustic is added (i.e., pH is raised) thus indicating the electrodes are 
sensitive and operating properly. If the ORP increases sharply when the caustic is added, 
the polarity is reversed and must be corrected in accordance with the manufacturer’s 
instructions. If the ORP does not respond as above when the caustic is added, the 
electrodes shall be cleaned and the above procedure repeated. 

0 After the assembly has been checked for sensitii, wash the electrodes with three changes 
of water or by means of a flowing stream of deionized water from a wash bottle. Place the 
sample in a clean container and insert the electrodes. Set temperature compensator 
throughout the measurement period. Read the millivolt potential of the solution, allowing 
sufficient time for the system to stabilize and reach temperature equilibrium. Measure 
successive portions of the sample until readings on two successive portions differ by no more 
then 10 mV. A system that is very slow to stabilize properly will not yield a meaningful ORP. 
Record all results in a field logbook or sample logsheet. including ORP (to nearest 10 mv), 
sample temperature and pH at the time of measurement. 

6.5.6 Measurement of Turbidity 

5.5.6.1 General 

Turbidity in water is caused by suspended matter, such as clay, silt, finely diviied organic and inorganic 
matter, sduble colored organic compounds, and microscopic organisms, including plankton. Turbidity 
is an expression of the optical property that causes light to be scattered and absorbed rather than 
transmitted in a straight line through the sample. 
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It is important to obtain a turbidity reading immediately after taking a sample, since irreversible changes 
in turbidity may occur if the sample is stored too long. 

5.5.6.2 Princicdes of EwiDment ODeration 

Turbidity is measured by the Nephelometric Method. This method is based on a comparison of the 
intensity of light scattered by the sample under defined conditions with the intensity of light scattered by 
a standard reference suspension under the same conditions. The higher the scattered light intensity, the 
higher the turbidity. 

Formazin polymer is used as the reference turbidity standard suspension because of its ease of 
preparation combined with a higher reproducibility of lts light-scattering properties than clay or turbid 
natural water. The turbidity of a specified concentration of formazin suspension is defined as 40 
nephelometnc units. This same suspension has an approximate turbidity of 46 Jackson units when 
measured on the candle turbidmeter. Therefore, nephelometnc turbidity units (NTU) based on the 
formazin preparation will approximate units derived from the candle turbidimeter but will not be identical 
to them. 

5.5.6.3 EauiDment 

The following equipment is needed for turbidity measurement: 

0 Stand alone portable turbidity meter. or combination meter (e.g., Horiba U-10). or 
combination meter equipped with an in-line sample chamber. 

0 Calibration solution, as specified by the manufacturer. 

0 Manufacturer’s operation manual. 

5.5.6.4 Measurements Techniques for Soecific Conductance 

The steps involved in taking turbidity measurements are listed below (standardization is according to 
manufacturer’s instructions): 

0 Check batteries and calibrate instrument before going into the field. 

0 Check the expiration date (etc.) of the solutions used for field calibration. 

0 Calibrate on a dally use basis, according to the manufacturer’s instruction% and record all 
pertinent information on an equipment calibration log sheet. 

0 Rinse the cell with one or more portions of the sample to be tested or with deionized water. 

0 Immerse the probe in the sample and measure the turbidity. The reading must be taken 
immediately as suspended solids will settle over time resulting in a lower, inaccurate turbidity 
reading. 
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0 Read and record the results in a field logbook or sample log sheet. Include a physical 
description of the sample, including color, qualitative estimate of turbidity, etc. 

0 Rinse the electrode with deionized water. 

6.6 Srmplinq 

5.6.1 Sampling Plan 

The sampling approach consisting of the following, shall be developed as part of the project plan 
documents which are approved prior to beginning work in the field: 

0 

0 

0 

0 

0 

0 

0 

0 

5.6.2 

Background and objectives of sampling. 

Brief description of area and waste characterization. 

Identification of sampling locations, with map or sketch, and applicable well construction data 
(well size. depth, screened interval, reference elevation). 

Intended number, sequence volumes, and types of samples. If the relative degrees of 
contamination between wells is unknown or insignificant, a sampling sequence which 
facilitates sampling logistics may be followed, Where some wells are known or strongly 
suspected of being highly contaminated, these shall be sampled last to reduce the risk of 
cross-contamination between wells as a result of the sampling procedures. 

Sample preservation requirements. 

Work schedule. 

List of team members. 

List of observers and contacts. 

Other information, such as the necessity for a warrant or permission of entry, requirement for 
split samples, access problems. location of keys, etc. 

Sampling Methods 

The collection of a groundwater sample consists of the following steps: 

1. The site Health & Safety Officer (or designee) will first open the well cap and use volatile 
organic detection equipment (PI0 or PID) on the escaping gases at the well head to 
determine the need for respiratory protection. 

2. When proper respiratory protection has been donned, sound the well for total depth and 
water level (using clean equipment) and record these data on a groundwarer sampling log 
sheet (see SOP SA-6.3); then calculate the fluid volume in the well pipe (as previously 
described in this SOP). 

3. Calculate well volume to be removed as stated in Section 5.3. 
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4. 

5. 

6. 

7. 

6. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

5.7 

5.7.1 

Select the appropriate purging equipment (see Attachment A). If an electric submersible 
pump with packer is chosen, go to Step 10. 

Lower the purging equipment or intake into the well to a short distance below the water level 
and begin water removal. Collect the purged water and dispose of lt in an acceptable 
manner (as applicable). Lower the purging device, as required, to maintain submergence. 

Measure the rate of discharge frequently. A graduated bucket and stopwatch are most 
commonly used; other techniques include use of pipe trajectory methods, weir boxes or flow 
meters. 

Observe the peristaltic pump intake for degassing “bubbles.” If bubbles are abundant and 
the intake is fully submerged, this pump is not suitable for collecting samples for volatile 
organics. Never collect volatile organics samples using a vacuum pump. 

Purge a minimum of three to five casing volumes before sampling. In low-permeability strata 
(i.e., if the well is pumped to dryness), one volume will suffice. Purged water shall be 
collected in a designated container and disposed in an acceptable manner. 

If sampling using a pump, lower the pump intake to midscreen (or the middle of the open 
section in uncased wells) and collect the sample. If sampling with a bailer, lower the bailer 
to the sampling level before filling. 

(For pump and packer assembly only). Lower the assembly into the well so that the packer 
is positioned just above the screen or open section. Hate the packer. Purge a volume 
equal to at least twice the screened interval (or unscreened open section volume below the 
packer) before sampling. Packers shall always be tested in a casing section above ground 
to determine proper inflation pressures for good sealing. 

In the event that recovery time of the well is very slow (e.g., 24 hours or greater), sample 
collection can be delayed until the following day. If the well has been purged early in the 
morning, sufficient water may be standing in the well by the day’s end to permit sample 
collection. If the well is incapable of producing a sufficient volume of sample at any time, 
take the largest quantity available and record this occurrence in the site logbook. 

Fill sample containers (preserve and label as described in SOP SA-6.1). 

Replace the well cap and lock as appropriate. Make sure the well is readily identffiabfe as 
the source of the samples. 

Process sample containers as described in SOP SAS. I, 

Decontaminate equipment as described in SOP SA-7. I. 

Low Flow Purqina and SamrGnq 

Scope & Application 

Low flow purging and sampling techniques are sometimes required for groundwater sampling activities. 
The purpose of low flow purging and sampling is to collect groundwater samples that contain 
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“representative” amounts of mobile organic and inorganic constituents in the vicinity of the selected open 
well interval. at near natural flow conditions. The minimum stress procedure emphasizes negligible water 
level drawdown and low pumping rates in order to collect samples with minimal alterations in water 
chemistry. This procedure is designed primarily to be used in wells with a casing diameter of 2 inches 
or more and a saturated screen, or open interval, length of ten feet or less. Samples obtained are 
suitable for analyses of common types of groundwater contaminants (volatile and semi-volatile organic 
compounds, pesticides, PCBs, metals and other inorganic ions [cyanide, chloride, sulfate, etc.]). This 
procedure is not designed to collect non-aqueous phase liquids samples from wells containing light or 
dense non-aqueous phase liquids (LNAPLs or DNAPLs), using the low flow pumps. 

The procedure is flexible for various well construction types and groundwater yields. The goal of the 
procedure is to obtain a turbidity level of less than 5 NTU and to achieve a water level drawdown of less 
than 0.3 feet during purging and sampling. If these goals cannot be achieved, sample collection can take 
place provided the remaining criteria in this procedure are met. 

5.7.2 Equipment 

The following equipment is required (as applicable) for low flow purging and sampling: 

Adjustable rate, submersible pump (e.g., centrifugal or bladder pump constructed of stainless steel 
or Teflon). Peristaltic pumps may be used only for inorganic sample collection. 

Disposable clear plastic bottom filling bailers may be used to check for and obtain samples of 
LNAPLs or DNAPLs. 

Tubing - Teflon, Teffon lined polyethylene, polyethylene, PVC, tygon steel tubing can be used to 
collect sampfes for analysis, depending on the analyses to be performed and regulatory 
requirements. 

Water level measuring device, 0.01 foot accuracy, (electronic devices are preferred for tracking 
water level drawdown during all pumping operations). 

flow measurement supplies. 

Interface probe, if needed. 

Power source (generator, nitrogen tank, etc.). If a gasoline generator is used, it must be located 
downwind and at a safe distance from the well so that the exhaust fumes do not contaminate the 
samples. 

Indicator parameter monitoring instruments - pH. turbidity, specific conductance, and temperature. 
Use of a flow-through cell is recommended. Optional Indicators - eH and dissolved oxygen, flow- 
through cell is required. Standards to perform field calibration of instruments. 

Decontamination supplies. 

Logbook(s), and other form (e.g., well purging forms). 

Sample Bottles. 
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0 Sample preservation supplies (as required by the anaiytical methods). 

0 Sample tags or labels. 

l Well construction data, location map, field data from last sampling event. 

0 Field Sampling Plan. 

l PID or FID instrument for measuring VOCs (volatile organic compounds). 

5.7.3 Purging and Sampling Procedure 

Use a submersible pump to purge and sample monitoring wells which have a 2.0 inch or greater well 
casing diameter. 

Measure and record the water level immediately prior to placing the pump in the well. 

Lower pump, safety cable, tubing and electrical lines slowly into the well so that the pump intake is 
located at the center of the saturated screen length of the well. If possible keep the pump intake at least 
two feet above the bottom of the well, to minimize mobilization of sediment that may be present in the 
bottom of the well. Collection of turbid free water samples may be difficult if there is three feet or less 
of standing water in the well. 

’ When starting the pump, slowly increase the pump speed until a discharge occurs. Check water level. 
Adjust pump speed to maintain llttfe or no water level drawdown. The target drawdown should be less 
than 0.3 feet and it should stabilize. If the target of less than 0.3 feet cannot be achieved or maintained, 
the sampling is acceptable if remaining criteria in the procedure are met. Subsequent sampling rounds 
will probably have intake settings and extraction rates that are comparable to those used in the initial 
sampling rounds. 

Monitor water level and pumping rate every three to fife minutes (or as appropriate) during purging. 
Record pumping rate adjustments and depths to water. Pumping rates should, as needed, be reduced 
to the minimum capabiliiies of the pump (e.g., 0.1-9.2 I/min) to ensure stabilization of indicator 
parameters. Adjustments are best made in the first fifteen minutes of pumping in order to help minimize 
purging time. During initial pump start-up, drawdown may exceed the 0.3 feet target and then recover 
as pump flow adjustments are made (minimum purge volume calculations should utilize stabtlized 
drawdown values, not the initial drawdown). If the recharge rate of the well Is less than minlmum 
capability of the pump do not allow the water level to fall to the intake level (ii the static water level is 
above the screen, avoid lowering the water level into the screen). Shut off the pump if either of the 
above is about to occur and allow the water level to recover, Repeat the process until Reid Indicator 
parameters stabilize and the minimum purge volume is removed. The minimum purge volume with 
negligible drawdown (0.3 feet or less) is two saturated screen length volumes. In situations where the 
drawdown is greater than 0.3 feet and has stabilized, the minimum purge volume is two times the 
saturated screen volume plus the stabilized drawdown volume. After the minimum purge vdume is 
attained (and field parameters have stabilized) begin sampling. For low yields wells, commence sampling 
as soon as the well has recovered sufficiently to collect the appropriate volume for all anticipated 
samples. 

During well purging, monftor field indicator parameters (turbidity, temperature, specific conductance, pH, 
etc.) every three to five minutes (or as appropriate). Purging is complete and sampling may begin when 
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all field indicator parameters have stabilized (variations in values are within ten percent of each other, pH 
+/- 0.2 units, for three consecutive readings taken at three to five minute intervals). If the parameters 
have stabilized, but turbidity remains above 5 NTU goal, decrease pump flow rate. and continue 
measurement of parameters every three to fiie minutes. If pumping rate cannot be decreased any 
further and stabilized turbidity values remain above 5 NTU goal record this information. Measurements 
of field parameters should be obtained (as per Section 5.5) and recorded. 

VOC samples are preferably collected first and directly into pre-preserved sample containers. Fill all 
sample containers by allowing the pump discharge to flow gently down the inside of the container with 
minimal turbulence. 

If the water column in the pump tubing collapses (water does not completely fill the tubing) before exiting 
the tubing, use one of the following procedures to collect VOC samples: (1) Collect the non-VOCs 
samples first, then increase the flow rate incrementally until the water column completely fills the tubing, 
collect the sample and record the new flow rate: (2) reduce the diameter of the existing tubing until the 
water column fills the tubing either by adding a connector (Teflon or stainless steel), or clamp which 
should reduce the flow rate by constricting the end of the tubing; (3) insert a narrow diameter Teflon tube 
into the pump’s tubing so that the end of the tubing is in the water column and the other end of the 
tubing protrudes beyond the pump’s tubing, collect sample from the narrow diameter tubing. 

Prepare samples for shipping as per SOP SA-6.1. 
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AlTACHMENT A 

PURGING EQUIPMENT SELECTION 

Diaphragm Submereible Submersible Submenlble 

Diameter Casing Bailer 
Perietaltic Vacuum 

Pump Pump 
Air-lift 7rash’ Diaphragm Electric Electric 

Pump f+m Pump Pump 
w/Packer 

1.2~Inch Water level 
< 25 ieet X X X X 

Water Level 
> 25 feet X 

Zlnch Water level 
c 25 feet X X X X X X 

Water Level 

a25 het 
X X X 

44nch Water level 
c 25 feet X X X X X X X X 

Water Level 
> 25 feet X X X X X 

6lnCh Water level 
c 25 leer X X X X 

Water Level 
> 25 feet X X X 

&Inch Water level 
c 25 teet X X X X 

Water Level 
> 25 feet 

X X X 
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I I I I Matdrnurn i Construction 

y”h” 1 (Wyg22”d 

1.66138 I Teflona No limit 1,075 mL I Slrn-13! Other sizes available 

Approximately 
Probably 1 liter for each -I+-- O-150 10 feet of 

submer ence 

$185 
Acts as piezometer; requires compressed 
gas. 

SlSCJ- 
3,909 

Requires compressed gas: other models 
available; AC, DC, manual operation 
possible. 

Sl,loo 
Requires vacuum and/or pressure from 
hand pump. 

O-150 
I 

O-7500 
mL/min 

Requires compressed gas (40 psi 
minimum). 

O-160 
I 

O-4500 
mL/mln s3500 DC operated. 

51,409 
1,500 

Requires compressed gas (55 psi 
minimum); pneumatic or AC/DC control 
module. 

I Approximately 
No limit 260 mL $125-160 

Other materials and models available; for 
measuring thickness of Yloating’ 
contaminants. 

O-230 
I 

O-2900 
mL/min 

1 I 
I 

I 
I 

$300-400 
Requires compressed gas; piezometric 
level indicator; other materials available. 

Lift 
Range 

Delivery Rate 

(fl) 
or Volumes 

Comments 

i 870 mL/min 
with 7015 
20 pump hear 

O-560 mL/min 
depending on 
lift 

I I I 

Dedicated; gas ’ 
I 

SarCad Systems, 
InC. 

SarCad Sampler drtve (positive 
disolacementt 1 

1 Portable: 

1 1.5116 1 
PE, brass, nylon, 
aluminum oxide 

ICoF-Parmer Inst. !Er)iuTj I (not submersible 
< 1 .O/NA Tygone, silicone 

Vito@ 

Requires compressed gas; custom sizes 
and materials available; acts as 
plerometer. 

O-150 
with std. 
tubing 

O-30 
.AC/DC; variable speed control available; 
other models may have different flow 
rates. 

AC, DC, or gasoline-driven motors 
available; must be prlmed. EC0 Pump Corp. SAMPLifier 

I 

c 1.5 or I I PP, PE, PVC, SS, 
<2.O/NA Teflone, TefrelQ 

O-100 

Geltek Corp. 
I 

Sailer 2194 

a 
e 

s 

cd 

Gpngkdg, I GEOMONITOR 
Dedicated; gas 
drive (positive 
displacement) 

1.5116 I PE, PP, PVC, 
VrtonQ 

I 
lndustrlaf and Portable; 

bladder (positivt 
displacement) 

Portable; grab 
bosllivs 
iiisplacement) 

Portable; 
bladder (positiva 
displacement) 

Portable; helical 
rotor foosltive 
displacement) 

Portable; 
bladder foositive 
displacement) 

Portable; grab 
(positive - 
displacement) 

Dedicated; 
bladder (positive 
displacement) 

1.75/43 Vitono I SS, Teflone, 

I 
Syringe Sampler 

1.75/38 
I 

SS, Teflone, PC, 
Neoprene. 

Environmental 

11./12 
1.66/36 PVC 

I 
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I I Maximum 
Outside 

I 

Construction Materials Lift Rangt 
D&$/ (w/Unes and Tubing) (‘v 

finches) 

1 

Manufacturer 
Model 

I I 

Principle of 
Name/Number Operation 

Delivery Rates 

I 

1982 

or Volumes 
Prkx 

(Dollars) 

3 

, 

Comments 

I I 

Randolph Austin Model 500 
co. 

Portable; peristaltic 
Vari-Ffow Pump (suction) 

(Not submersible) 
<0.5/NA Rubber, Tygone, or 

Neoprenee 
O-30 

1.8122 
SS. Teflon@. Delrine 
PP, Vttone, acrylic, PE 

0-500 

1.9/t8 PVC, nylon o-1,109 

Ptow rate dependent on motor and 
tubing selected; AC operated; other 
models available. 

Requires compressed gas; water 
eve1 Indicator end flow meter; 
:ustom models available. 

Squires compressed gas; SS 
Ivaiiable; plezometer model 
rvaiiable; dedicated model 
available. 

I qequires compressed gas; custom 
r nodeis available. 

Hher sizes, materials, models 
wailable; optional bottom-emptylng 
levice available; no solvents used. 

Iequlres compressed gas; other 
sizes, materials, models available; 
IO solvents used. 

:ompressed gas required; DC 
:ontrol module; custom built. 

See comments ] Ftt;s 

Robert Bennett 
Portable; piston 

co. 
Model 180 (positive 

displacement) 

Model 514124 
Slope Indicator Pneumatic 

Portable; gas drive 

2. (SINCO) 
(positive 

Water Sampler displacement) 

Blinst Canada 5W Water 
Portable; grab 

fd. Sampler 
(positive 
displacement) 

irco Mfg’ Co” Std. Bailer 
Portable; grab 
(positive 
displacement) 

Portable; gas drive 
UMCO tir$y Lift (positive 

displacement) 

Sampling 
Portable; bladder 

‘ale Devices Co. Pump (positive 
displacement) 

0- 1,800 mL/min I $2,890. 
2,700 

250 mL/ 
flushing cycle 

1.9127 I PVC, brass, nylon, 
Neoprenee I O-330 500 mL 

I 

S1,30@ 
1,800 

250 mL/ft of 
Dailer I $20-60 

350 mL/ 
‘lushing cycle I 

5109-290 

I 

SS, silicone, Deirine, 
1.38/48 Tygon8 I O-125 I-4900 mL/min E 

I ’ 

bnstruction Material Abbreviations: Other Abbreviations: 

K 
PVC 

E 
EPDM 

Polyethylene 
Polypropylene 
Polyvinyl chloride 
Stainless steel 
Polycarbonate 
Ethylene-propylene diene (synthetic rubber) 

2 
Not applicable 
Alternating current 

DC Direct current 

JOTE: Other manufacturers market pumping devices which could be used for groundwater sampling, though not expressly designed for this purpose. The list is no’ 

meant to be all-inclusive and listing does not constitute endorsement for use. Information In the table is from sales literature and/or personal communication 

No skimmer, scavenger-type, or high-capacity pumps are included. 

iource: Barcelona et al., 1983. 
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AlTACHMENT B 

SPECIFIC CONDUCTANCE OF 1 MOLAR KCI 
AT VARIOUS TEMPERATURES’ 

, * 

I Temperature (“C) 
I 

Specific Conductance - 
(umhosjcm) I 

18 1,225 

19 1,251 

I 20 I 1,278 I 

1,332 

23 1,359 

24 1,368 

25 1,413 

26 1,441 

27 1,468 

28 1,496 

29 1,524 

30 1,552 

1 Data derived from the International Critical 
Tables l-38. 
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AITACHMENT C 

VARIATION OF DISSOLVED OXYGEN CONCENTFIATlON IN WATER 
AS A FUNCIION OF TEMPERATURE AND SALINITY 

\ I 
24 8.5 8.1 7.7 7.3 6.9 0.008 

25 8.4 8.0 7.6 7.2 6.7 0.008 
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AlTACHMENT C 
VARlATlON OF DISSOLVED OXYGEN CONCENTRATlON IN WATER 
AS A FUNCTION OF TEMPERATURE AND SAUNITY 
PAGE TWO 

Note: In a chloride solution. conductivii can be roughly related to chloride concentration 
(and therefore, used to correct measured D.O. concentration) using Attachment 6. 
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1.0 PURPOSE 

The objective of this Standard Operating Procedure is to specify the proper approach and methodologies 
to identify and quantify airborne chemical contamination levels through the use of direct reading 
instrumentation and air sample collection. The results of these activities provide vital information for site 
characterization and risk assessment considerations. 

2.0 SCOPE 

Applies to all Brown & Root Environmental site activiiies where the potential for personnel exposures to 
respiratory health hazards exists. 

3.0 GLOSSARY 

Direct Readina Instruments (DRls) - instrumentation operating on various detection principles such as 
flame ionization or photoionization providing real time readings of ambient contaminants in air. 

Personal/Area Air Samplinq - Personal/area air sampling is conducted utilizing an air sampling pump 
and a specific collection media to quantify airborne contaminants. 

Meteorolooical Considerations - Meteorological information must be collected on site to properly 
determine air sampling results, as well as aid in the characterization of contaminant potential plume 
migration and intensity. This information will also be used to support the seiection of sampling locations 
and determine which samples should be analyzed. The meteorological information will be used to 
estimate downwind concentration levels based on short-term field levels encountered at the source. 

4.0 RESPONSIBIUTIES 

Proiect Manaaer (PM) - Responsible for all aspects of project implementation and direction. The project 
manager is responsible for providing the necessary resources in support of all air monitoring and 
sampling applications. 

Field Operations Leader (FOL) - Responsible for implementing the air monitoring program as detailed 
in approved project plans for the specific site. Air monitoring requirements will be included in both the 
Field Sampling and Analysis Plan (FSAP) and the site-specific Health and Safety Plan (HASP). 

Health and Safetv Officer (HSO) - The health and safety officer provides technical assistance to the FOL 
concerning air monitoring and sampling applications, collection methodologies, data interpretations, and 
establishes action items based on results. This information is further used to assess atmospheric 
migration of airborne chemical contaminants. 

01961 l/P Brown 8 Root Environmental 
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5.0 PROCEDURES 

5.1 Introduction 

Air monitoring is used to help establish criteria for worker safety, document potential exposures, and 
determine protective measures for the site personnel and the surrounding public. To accomplish this, 
it is necessary for an effective air surveillance program to be tailored to meet the conditions found at 
each work site. 

During site operations, data are collected concerning air contaminants representative for site operations. 
Surveillance for vapors, gases, and particulates is performed using DRls. air sampling systems, and 
meteorological considerations. DRls can be used to detect many organics as well as a few inorganics 
and can provide approximate total concentrations through applications of relative response ratios of 
contaminants to reference standards. If specific chemicals (organ& and inorganics) have been 
identified. then properly calibrated DRls can be used for more accurate onsite assessments. 

The most accurate method for evaluating any air contaminant is to collect samples and analyze them 
at a qualified laboratory. Although accurate. this method presents two disadvantages: (1) cost and 
(2) the time required to obtain results. Analyzing large numbers of laboratory samples can be expensive, 
especially if results are needed quickly. Onsite laboratories tend to reduce the turnaround time, but 
unless they can analyze other types of samples, they may also be costly. In emergencies, time is often 
not available for laboratory analysis of samples either on site or off site. 

To obtain air monitoring data rapidly at the site, DRI utilizing flame ionization detectors (FlDs). 
photoionization detectors (PIDs), and other detection methodology can be used. Some of these may 
be used as survey instruments or operated as gas chromatographs. As gas chromatographs, these 
instruments can provide real-time, qualitative/quantitative data when calibrated with standards of known 
air contaminants. Combined with selective laboratory analysis of samples, they provide a tooi for 
evaluating airborne organic hazards on a real-time basis and at a lower cost than analyzing samples in 
a laboratory. 

5.2 Alr Samplinq 

For more complete information about air contaminants, measurements obtained with DRls can be 
supplemented by collecting and analyzing air samples. To assess air contaminants more thoroughly, 
air sampling devices equipped with appropriate collection media may be placed at various locations 
throughout the area and on persons within at-risk occupations. These samples provide air quality 
Information for the period of time they are taken, and can indicate contaminant types and concentrations 
over the sampling period. As a result, careful selection of sampling types, numbers, and locations, by 
a qualified health and safety professional is essential to obtain representative information. As data is 
obtained (from the analysis of samples, DRls, knowledge about materials involved, site operations, and 
the potential for airborne toxic hazards), adjustments can be in the types of samples, number of samples 
collected. frequency of sampling, and analysis required. In addition to air samplers, area monitoring 
stations may also include DRls equipped with recorders and operated as continuous air monitors. 

019611/P Brown 8 Root Environmentar 
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Area air sampling locations may be located as required by project and site needs in various places 
including, but not limited to: 

0 

5.3 

Upwind - Because many hazardous incidents occur near industries or highways that 
generate air pollutants, samples may be taken upwind of the site to establish background 
levels. 

SUDDO~~ Zone WI - Samples may be taken near the command post or other support 
facilities to ensure that they are, in fact, located in an unaffected area, and that the area 
remains clean throughout operations at the site. 

Contamination Reduction Zone (CRZ) - Air samples may be collected along the i 
decontamination line to ensure that decontamination workers are property protected and 
that onsite workers are not removing their respiratory protective gear in a contaminated I 
area. I 

Exclusion Zone (EZ) - The Exclusion Zone presents the greatest risk of release/generation 
of contaminants and requires the highest concern for air sampling. The location of 
sampling stations shall be based upon factors such as hot-spots detected by DRls, types 

I 

of substances present. and potential for airborne contaminants. The data from these 
stations, in conjunction with Intermittent walk-around surveys with DRls, are used to verify 
the selection of proper levels of worker protection and EZ boundaries as well as to provide J 
a continual record of air contaminants. 

I 
Downwind - One or more sampling stations may be located downwind from the site to 
indicate if any air contaminants are leaving the site. If there are indications of airborne 

! 

hazards in populated areas, appropriate response action must be taken and additional 
samplers should be placed downwind. Downwind locations are further determined based 
on meteorological considerations concerning generation, air plume migration, and intensity. I 

Media for Collectinca Air Samples 

I 
Hazardous material incidents and abandoned waste sites can involve thousands of potentially dangerous 
substances, such as gases, vapors, and particulates that could become airborne. A variety of media are 
used to collect these substances. Sampling systems typically include a calibrated air sampling pump, 
which draws air into selected collection media. It is essential that appropriate, approved air sampling 
methodologies (such as those published by NIOSH, OSHA, and EPA) be followed for the collection of 
each specific analyte. Some of the most common types of samples and the collection media used for 
them are described in the following information: 

One of the most common types of collection media is activated carbon which is an excellent adsorbent 
for most organic vapors. However, other sdid adsorbents (such as Tenax, silica gel, and florisil) are 
routinely used to sample specific organic compounds or classes of compounds that do not adsorb or 
desorb well on activated carbon. To avoid stocking a large number of sorbents for all substances 
anticipated. a smaller number is generally chosen for collecting the widest range of materials or for 
substances known to be present. The vapors are collected using an industrial hygiene personal sampling 
pump with either one sampling port or a manifold capable of simultaneously collecting samples on 
several sorbent tubes (provided that sampling parameters such as flow rates and sample volumes are 
satisfied). For example, in a manifold with four sorbent tubes (or on individual pumps with varying flow 
rates), the tubes might contain: 

- 
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0 Activated carbon to collect vapors of materials with a boiling point above zero degrees 
Centigrade. Common materials collected on activated carbon include organic vapors such 
as solvents, BTEX. and ketones. 

0 A porous polymer, such as Tenax or Chromosorb, to collect substances (such as high- 
molecular-weight hydrocarbons, organophosphorus compounds, and the vapors of certain 
pesticides) that adsorb poorly onto activated carbon. Some of these porous polymers also 
absorb organic materials at low ambient temperatures more efficiently than carbon. 

l A polar sorbent, such as silica gel, to collect organic vapors (aromatic amines, for example) 
that exhibit a relatively high dipole moment. 

0 Another specialty absorbent selected for the specific site. For example, a Florisil tube could 
be used if polychlorinated biphenyls are expected. 

0 Liquid impingers - aldehydes, ketones, phosgene. phenols. 

0 Glass fiber filters, membrane filters, Teflon filters - lnorganics and other semivolatile 
compounds. 

0 Airborne particulates can be either solid or liquid. Examples of common particulate 
analytes include some metals, fibers such as asbestos, and condensed particulates such 
as welding fumes. Dusts. fumes, smoke, and fibers are dispersed solids: mists and fogs 
are dispersed liquids. For air sampling, most particulates are collected using glass fiber, 
mtxed cellulose ester, or polyvinyl chloride filters, depending on the filter’s ability to collect 
the subject material and its suitability for laboratory analysis. A cyclone is used to collect 
particles of respirable size. Atomic Absorption Spectrophotometry, Emission Spectroscopy, 
Phase Contrast Microscopy, and other techniques are used to analyze various types of 
particulates. Direct-reading monitors are also used to quantify particulate concentrations, 
and are usually based on the light-scattering properties of the particulate matter. 

5.3.1 Other Methods 

Calorimetric detector tubes can also be used with a sampling pump when monitoring for some specific 
compounds. Passive organic vapor monitors can be substituted for the active monitoring if they are 
available for the types of materials suspected to be present at a given site. 

5.3.2 NIOSH Methods 

The National Institute for Occupational Safety and Health’s (NIOSH) Manual of Analvtical Methods, 
4th ed., contains acceptable methods for collecting and analyzing air samples for a variety of chemical 
substances. Consult these volumes for specific procedures. 

5.4 Collection and Analwis 

Collection and analysis of air samples is a multi-faceted task, and Is part of the overall air surveillance 
program. The program is structured to cover the following air pathway analyses: 

I 
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5.4.1 Selecting Monitoring Constituents 

Applications within this program are accomplished using two considerations: 

0 Air surveillance for specific constituents is based on quantity of the pollutant and the 
likelihood for vapor release or generation. 

0 Controlling toxicity - These substances, even when represented in limited quantities, present 
the greatest threat to the public or worker safety, and influence environmental impact. 

5.4.2 Specifying Meteorological Considemtions 

The following factors will inffuence sample collection: 

0 Wind direction and speed 
0 Sigma theta (atmospheric stability) 
0 Temperature 
0 Barometric pressure 
0 Humidity 

These factors will provide information essential to property arrive at accurate air sampling concentration 
results. This information is also used to identify how airborne chemical contaminants will react for 
modeling and for monitoring purposes. The results will provide indicators of plume movement, intensity, 
and dilution. 

5.4.3 Design of Monitoring Network 

The air surveillance network is structured to consider: 

0 Source characteristics (physical state: vapor release and/or generation: emission rates: and 
disturbance of the source impacting these aspects) 

0 Receptor sites (receptor sites are monitored and tracked based on priority) 

0 Meteorological consideration 

0 Air modeling input 

0 * Data quality objectives 

5.44 Air Monitoring Documentation/Data Reduction 

5.4.4.1 Alr Monitorino Documentation 

Elements of the air surveillance program are used to provide documentation valuable to safely 
performing/containing site activities. 

Air monitoring results from DRls must be recorded, such as on instrument results reporting forms, or in 
the field logbook. This information, where applicable, will be correlated to air sampling information 
if/when collected. 

Brown & Root Enviranmantnl 
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Air sampling results for personnel and area measurement efforts must be validated, prior to notifying 
affected individuals. Personal air sampling results notification is accomplished through verbal or written 
communications. 

Results of air monitoring/sampling activities can be identified on site maps. This information is used to 
structure operational zones and identify levels of protection. 

5.4.4.2 Data Reduction 

Data reduction combines and conelates the DRI results, air sampling results, and meteorological 
information to determine area and source airborne contaminant levels and movement. 

All air sampling surveillance efforts must incorporate appropriate and approved NIOSH, OSHA, or EPA 
analytical methods. These procedures identify specific sample collection media, sampling 
methodologies, and analytical procedures. Sample analysis for health and safety considerations must 
be further supported by using American Industrial Hygiene Association accredited laboratories. 

5.5 Personnel Monitorinq 

In addition to area atmospheric sampling, personnel monitoring - both active and passive - can be used 
to sample for air contaminants. Representative workers must be identified, and equipped with 
appropriate personal sampling systems to determine contaminants at specific locations or for specific 
work being performed. When sampling devices are placed on workers (generally within 1 foot of the 
mouth and nose) the results are used to indicate worker exposures. 

5.6 Calibration 

As a rule, the entire air sampling system shall be calibrated. Proper pm-and post-calibration acttvitles 
are essential for correct operation and for accurate data. In some instances, additional calibration during 
the sampling period may be required. The overall frequency of calibration will depend upon the 
particular sampling event, including the general handling and use of a given sampling system. Pump 
mechanisms shall be calibrated after repair, when newly purchased, and following suspected abuse. All 
DRls will be calibrated according to manufacturers instructions. All calibration activities for both air 
monitoring and sampling equipment must be properly documented, such as through the use of a 
calibration form. This form will be kept on site throughout the life of the project. The calibration log will 
be submitted as documentation that instrument calibration was performed on a regular basis. 

5.7 Meteorological Conridemtions 

Meteorological information is an integral part of an air surveillance program. Data concerning wind 
speed and direction, temperature, barometric pressure, and humidity (singularly or in combination) are 
needed for: 

l Selecting air sampling locations 
0 Calculating accurate air sampling results 
0 Calculating air dispersion 
0 Calibrating instruments 
0 Determining population at risk or environmental exposure from airborne contaminants 

Knowledge of wind speed and direction is necessary to effectively place air samplers. In source-oriented 
ambient air sampling, samplers need to be located downwind (at different distances) of the source and 
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others need to be placed to collect background samples. Shifts in wind direction must be known. 
Consequently, the samplers must be relocated or corrections made for these shlls. In addition. 
atmospheric simulation models for predicting contaminant dispersion and concentration need windspeed 
and direction as inputs for predictive calculations. Information may be needed concerning the frequency 
and intensity that winds blow from certain directions (windrose data), Consequently, the wind direction 
must be continually monitored when use of this type of data is contemplated. 

Air sampling systems need to be calibrated before use. This must include corrections in the calibration 
curves for actual temperatures and pressures during the sampling event. After sampling, collected air 
volumes are also mathematically corrected for temperature and pressure conditions. 

Air sampling is sometimes designed to assess population exposure (and frequently potential worker 
exposure). Air samplers are generally located in population centers, irrespective of wind direction. Even 
in these instances, however, meteorological data is needed for air dispersion modeling. Models are then 
used to predict or verify population-oriented sampling results. 

Proper data is collected by having meteorological stations on site or by obtaining the information from 
one or more of several government or private organizations. which routinely colfect this data. The choice 
of how information is obtained depends on the availability of reliable data at the location desired, 
resources needed to obtain meteorological equipment, accuracy of information needed, and use of 
information. 

The collection, handling, and analysis of air samples is an intricate, involved process. Appropriate 
methodologies, media, and equipment must be used to collect accurate data. Furthermore, selection 
of appropriate numbers, types, and locations of samples is essential if the data collected are to be used 
for personnel exposure criteria. For these reasons, air sampling activities must be coordinated and 
conducted by properly qualified and experienced industrial hygiene professionals. Air monitoring 
activities also need to be established and monitored carefully. However, as the proper use of these 
instruments is not as complicated as air sampling, it is commonly acceptable to cross-train capable 
environmental professionals to use DRls, with adequate technical support provided by health and safety 
professionals. 

6.0 REFERENCES 

Standard Operating Safety Guides, EPA, November 1984. 
NIOSH Manual of Analytical Methods, 4th Edition. 

7.0 ATTACHMENTS 

None. 
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1.0 PURPOSE 

The purpose of this Standard Operating Procedure (SOP) is to provide information on sample 
preservation. packaging, and shipping procedures to be used in handling environmental samples 
submitted for chemical constituent, biological, or geotechnical analysis. Sample chain-of-custody 
procedures and other aspects of field documentation are addressed in SOP SA6.3. Sample identification 
is addressed in SOP CT-04. 

20 SCOPE 

This procedure: 

0 Describes the appropriate containers to be used for samples depending on the analyses 
to be performed, and the steps necessary to preserve the samples when shipped off site 
for chemical analysis. 

0 Provides instruction for sample packaging and shipping in accordance with current 
U.S. Department of Transportation (DOT) regulations. 

3.0 GLOSSARY 

Hazardous Material - A substance or material which has been determined by the Secretary of 
Transportation to be capable of posing an unreasonable risk to health, safety, and property when 
transported in commerce, and which has been so designated. Under 49 CFR, the term includes 
hazardous substances, hazardous wastes, marine pollutants, and elevated temperature materials, as well 
as materials designated as hazardous under the provisions of 5 172.101 and 5 172.102 and materials that 
meet the defining criteria for hazard classes and divisions in Part 173. 

Hazardous Waste - Any substance listed in 46 CFR, Subpart D (y261.30 et seq.), or otherwise 
characterized as ignitable, corrosive, reactive, or toxic (as defined by Toxicity Characteristic Leaching 
Procedure, TCLP, analysis) as specified under 40 CFR. Subpart C (y261.20 et seq.), that would be 
subject to manifest requirements specified in 40 CFR 262. Such substances are defined and regulated 
by EPA. 

Markinq - A descriptive name, identification number, instructions, cautions, weight, specification or UN 
marks, or combination thereof required on outer packaging of hazardous materials. 

n.o.i - Not otherwise indicated (may be used interchangeably with n.o.s.). 

n.o.s. - Not otherwise specified. 

ORM - Other regulated material (see DOT 49 CFR 173.144). 

Packaainq - A receptacle and any other components or materials necessary for compliance with the 
minimum packaging requirements of 49 CFR 174. including containers (other than freight containers or 
overpacks), portable tanks, cargo tanks, tank cars, and multi-unit tank-car tanks to perform a 
containment function in conformance with the minimum packaging requirements of 
49 CFR 173.24(a) & (b). 

Placard - Color-coded, pictorial sign which depicts the hazard class symbol and name and which is 
placed on the side of a vehicle transporting certain hazardous materials. 

I 

I 

I 

I 

i 

1 

I 

I 

I 

I 

I 

I 

I 

I 

! 

L 



iubjrct Number Page 

SA6.1 3 of 23 

BevisIon Effeotive Rate 
SAMPLE HANDLING 0 03/01/96 

Common Preservatives: 

0 Hydrochloric Acid - HCI 
0 Sulfuric Acid - H$O, 
0 Nitric Acid - HNO, 
0 Sodium Hydroxide - NaOH 

Other Preservatives 

0 Zinc Acetate 
0 Sodium Thiosulfate - Na,S,Os 

Normalitv (N) - Concentration of a solution expressed as equivalent per liter, an equivalent being the 
amount of a substance containing I gram-atom of replaceable hydrogen or its equivalent. Thus, a 
one-molar solution of HCI, containing 1 gram-atom of H, is “one normal,’ whereas a one-molar solution 
of H,SO,, containing 2 gram-atoms of H, is “two normal.’ 

Reoonable Quantity (RQ) - For the purposes of this SOP, means the quantity specified in column 3 of 
the Appendix to DOT 49 CFR 5172.101 for any material identified in column 1 of the appendix. A spill 
greater than the amount specified must be reported to the National Response Center. 

Samole - A sample is physical evidence collected from a facility or the environment, which is 
representative of conditions at the location and time of collection. 

4.0 RESPONSIBILITIES 

Field Operations Leader - Directly responsible for the bottling, preservation, labeling, packaging, shipping, 
and custody of samples up to and including release to the shipper. 

Field Samolers - Responsible for initiating the Chain-of-Custody Record (per SOP SAB.3) implementing 
the packaging and shipping requirements, and maintaining custody of samples until they are relinquished 
to another custodian or to the common carrier. 

5.0 PROCEDURES 

Sample identification, labeling, documentation, and chain-of-custody are addressed by SOP SA-6.3. 

5.1 Samole Containers 

Different types of chemicals react differently with sample containers made of various materials. For 
example, trace metals adsorb more strongly to glass than to plastic. whereas many organic chemicals 
may dissolve various types of plastic containers. 
as other information) per 40 CFR 136. 

Attachments A and 8 show proper containers (as well 
In general, the sample container shall allow approximately 5-10 

percent air space (‘ullage”) to allow for expansion/vaporization if the sample warms during transport. 
However, for collection of volatile organic compounds, head space shall be omitted. The analytical 
laboratory will generally provide certified-clean containers for samples to be analyzed for chemical 
constituents. Shelby tubes or other sample containers are generally provided by the driller for samples 
requiring geotechnical analysis. Sufficient lead time shall be allowed for a delivery of bottle orders. 
Therefore. it is CritiCal to use the correct container to maintain the integrity of the sample prior to analysis. 
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Once opened, the container must be used at once for storage of a particular sample. Unused but 
opened containers are to be considered contaminated and must be discarded: because of the potential 
for introduction of contamination, they cannot be reclosed and saved for later use. Likewise, any unused 
containers which appear contaminated upon receipt, or which are found to have loose caps or a missing 
Tefion liner (if required for the container), shall be discarded. 

5.2 Sample Preservation 

Many water and soil samples are unstable and therefore require preservation to prevent changes in either 
the concentration or the physical condition of the constituent(s) requiring analysis. Although complete 
and irreversible preservation of samples is not possible, preservation does retard the chemical and 
biological changes that inevitably take place after the sample is collected. Preservation techniques are 
usually limited to pH control, chemical addition(s), and refrigeration/ freezing (certain biological samples 
only). 

5.2.1 Overview 

The preservation techniques to be used for various analytes are listed in Attachments A and 8. Reagents 
required for sample presewation will either be added to the sample containers by the laboratory prior 
to their shipment to the field or be added in the field (in a clean environment). Only high purity reagents 
shall be used for preservation. In general, aqueous samples of low-concentration organics (or soil 
samples of low- or medium-concentration organics) are cooled to 4%. Mediumconcentration aqueous 
samples and high-hazard organics samples are typically not preserved. Low-concentration aqueous 
sampres for metals are acidified with HNO,, whereas medium-concentration and high-hazard aqueous 
metal samples are not preserved. Low- or medium-concentration soil samples for metals are cooled to 
4% whereas high-hazard samples are not preserved. 

The following subsections describe the procedures for preparing and adding chemical preservatives. 
Attachments A and B indicate the specific analytes which require these preservatives. 

5.2.2 Preparation and Addition of Reagents 

Addition of the following acids or bases may be specified for sample preservation; these reagents shall 
be analytical reagent (AR) grade or purer and shall be diluted to the required concentration with 
deionized water before field sampling commences. To avoid uncontrolled reactions, be sure to Add Acid 
to water (not vice versa). A dilutions guide is provided below. 

Acid/Base Dilution 
Estimated 

Concentration Amount Required 
for Preservation 

Hydrochloric Acid (HCl) 
1 part concentrated HCI: 1 part 
doubleclistilled. deionbed water 

6N 5-10 mL 

Sulfuric Acid (H,SO,) 
1 part concentrated H$O,: 1 part 
double-distilled, deionized water 

18N 2-5mL 

Nitric Acid (HNO,) Undiluted concentrated HNO, 16N 2-5mL 

Sodium Hydroxide 
400 grams solid NaOH dissolved in 

(NaOH) 
878 mL double-distilled, deionized 10N 2 mL 
water; yields 1 liter of solution 
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The amounts required for preservation shown in the above table assumes proper preparation of the 
preservative and addition of the preservative to one liter of aqueous sample (assuming that the sample 
is initially at pH 7, is poorty buffered, and does not contain particulate matter: as these conditions vary, 
more preservative may be required). Consequently, the final sample pH must be checked using narrow- 
range pH paper, as described in the generalized procedure detailed below: 

0 Pour off S-10 mL of sample into a dedicated. clean container. Use some of this sample to 
check the initial sample pH using wide range (O-14) pH paper. Never dip the pH paper into 
the sample; always apply a drop of sample to the pH paper using a clean stirring rod or 
pipette. 

0 Add about one-half of the estimated preservative required to the original sample bottle. Cap 
and invert gently several times to mix. Check pH (as described above) using medium 
range pH paper (pH O-6 or pH 7.514, as applicable). 

0 Cap sample bottle and seal securely. 

Additional considerations are discussed below: 

0 To test if ascorbic acid must be used to remove oxidizing agents present in the sample 
before it can be property preserved. place a drop of sample on KI-starch paper. A blue 
color indicates the need for ascorbic acid addition. 

If required, add a few crystals of ascorbic acid to the sample and retest with the KI-starch 
paper. Repeat until a drop of sample produces no color on the KI-starch paper. Then add 
an additional 0.6 grams of ascorbic acid per each liter of sample volume. 

Continue with proper base preservation of the sample as described, generally, above. 

0 Samples for sulfide analysis must be treated by the addition of 4 drops (0.2 mL) of 2N zinc 

acetate solution per 100 ml of sample. 

The 2N zinc acetate solution is made by dissolving 220 grams of zinc acetate in 870 mL of 
double-distilled, deionized water to make 1 liter of solution. 

The sample pH is then raised to 9 using the NaOH preservative. 

0 TO test of sodium thiosulfate must be added to remove residual chlorine from a sample, test 
the sample for residual chlorine using a field test kii especially made for this purpose. 

If residual chlorine is present, add 0.08 grams of sodium thiosulfate per liter of sample to 
remove the residual chlorine. 

Continue with proper acidification of the sample as described, generally, above. 

For biological samples, 10% buffered formalin or isopropanol may also be required for preservation. 
Questions regarding preservation requirements should be resolved through communication with the 
laboratory before sampling begins. 
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5.3 Field Filtration 

At times, field-filtration may be required to provide for the analysis of dissolved chemical constituents. 
Field-filtration must be performed prior to the preservation of samples as described above. General 
procedures for field filtration are described below: 

0 

l 

0 

5.4 

The sample shall be filtered through a non-metallic, 0.45micron - membrane filter, 
immediately after collection. The filtration system shall consist of dedicated filter canister, 
dedicated silicon tubing, and a peristaltic pump with pressure or vacuum pumping squeeze 
action (since the sample is filtered by mechanical peristalsis, the sample travels only 
through the tubing). 

To perform filtration, thread the silicon tubing through the peristaltic pump head. Attach the 
filter canister to the discharge end of the silicon tubing (note flow direction arrow): attach 
the aqueous sample container to the intake end of the silicon tubing. Turn the peristaltic 
pump on and perform filtration. 

Continue by presenting the filtrate (contained in the filter canister), as applicable and 
generally described above. 

Sample Packaqinq and Shipping 

Samples collected for shipment from a site shall be classified as either environmental or hazardous 
material samoles. Samples from drums containing materials otherthan Investigative Derived Waste (IDW) 
and samples obtained from waste piles or bulk storage tanks are generally shipped as hazardous 
materials. A distinction must be made between the two types of samples in order to: 

l Determine appropriate procedures for transportation of samples (if there is any doubt, a 
sample shall be considered hazardous and shipped accordingly.) 

0 Protect the health and safety of transpon and laboratory personnel receiving the samples 
(special precautions are used by the shipper and at laboratories when hazardous materials 
are received.) 

Detailed procedures for packaging environmental and hazardous material samples are outlined in the 
remainder of this section. 

5.4.1 Environmental Samples 

Environmental samples are packaged as follows: 

0 Place sample container, properly identified and with lid securely fastened in a plastic bag 
(e.g. Ziploc baggie), and seal the bag. 

I 

0 Place sample in a cooler constructed of sturdy material which has been lined with a large, 
plastic (e.g. “garbage’ bag). 

/ 

0 Pack with enough noncombustible, absorbent, cushioning materials such as vermiculite 
i 

(shoulders of bottles must be iced if required) to minimize the possibility of the container I 
breaking. 1 
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0 If cooling is required (see Attachments A and B), double-bag ice in Ziploc baggies and 
place around container shoulders, and on top of absorbent packing material (minimum of 
8 pounds of ice for a medium-size cooler). 

0 Seal (i.e., tape or tie top in knot) large liner bag. 

0 The original (top, signed copy) and extra carbonless copies of the CCC form shall be 
placed inside a large Ziploc-type bag and taped inside the lid of the shipping cooler. If 
multiple coolers are sent but are included on one COC form, the COC fom? should be sent 
with the first cooler. The COC form should then state how many coolers are included with 
that shipment. 

0 close and seal outside of cooler as described in SOP SA-6.3. Signed custody seals must 
be used. 

Coolers must be marked as containing “Environmental Samples.” The appropriate side of the container 
must be marked ‘This End Up” and arrows placed appropriately. No DOT marking or labeling is 
required: there are no DOT restrictions on mode of transportation. 

5.4.2 Determination of Shipping Classification for Hazardous Material Samples 

Samples not determined to be environmental samples, or samples known or expected to contain 
hazardous materials, must be considered hazardous material samples and transported according to the 
requirements listed below. 

5.4.2.1 Known Substances 

If the substance in the sample is known or can be identified. package, mark, label, and ship according 
to the specific instructions for that material (if it is listed) in the DOT Hazardous Materials Table, 
49 CFR 172.101. (DOT Guide for shippers can be found in Attachment D of this document.) 

To determine the proper shipping name, use the following steps to help locate the shipping name on the 
Hazardous Materials Table, DOT 49 CFR 172.101. 

1. Look first for the chemical or technical name of the material, for example, ethyl alcohol. 
Note that many chemicals have more than one technical name, for example, 
perchloroethylene (not listed in 172.101) is listed as tetrachloroethyiene (listed 172.101). 
It may be useful to consult a chemist for all possible technical names a material can have. 
If your material is not listed by its technical name, then . . . 

2. Look for the chemical family name. For example, pentyl alcohol is not listed but the 
chemical family name is: alcohol, n.o.s. (not otherwise specified). If the chemical family 
name is not listed, then . . . 

3. Look for a generic name based on end use. For example, Paint, n.o.s or Fireworks, n.o.s. 
If a generic name based on end use is not listed, then . . . 

4. Look for a generic family name based on end use. for example, drugs, n.o.s. or cosmetics, 
n.o.s. Finally, if your material is not listed by a generic family name but you suspect or 
know the material is hazardous because it meets the definltion of one or more hazardous 
classes, then . . . 
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5. You will have to use the general hazard class for a proper shipping name. For example, 
Flammable Liquid, n.o.s, or Oxidizer, n.o.s. 

5.4.2.2 Unknown Substances 

For samples of hazardous substances of unknown content, select the appropriate transportation category 
according to the DOT hazardous materials classification of a material having more than one hazard. This 
procedure is outlined in DOT Regulation 49 CFR 173.2a. (This can be found in Attachment C of this 
SOP.) 

The correct shipping classification for an unknown sample is selected through a process of elimination, 
as outlined in DOT Regulation 49 CFR 172.101(~)(11). By using the provisions in this paragraph, the 
proper shipping name and description will be determined. A step-by-step guide is provided by the 
Department of Transportation (DOT) and can be found in Attachment D of this SOP. 

5.4.3 Packaging and Shipping of Samples Classified as Flammable Liquid (or Solid) 

5.4.3.1 Packaqinq 

Applying the word Viammable’ to a sample does not imply that lt is in fact flammable. The word 
prescribes the class of packaging according to DOT regulations. 

1. 

2. 

3. 

Containerize sample as required (see Attachments A and B). To prevent leakage, fill 
container no more than 90 percent full. Seal lid with tefion tape or wire. 

Complete sample label and attach securely to sample container. 

Seal container and place in P-mil-thick (or thicker) polyethylene bag (e.g., Ziploc baggie), 
one sample per bag. Position sample identification label so that lt can be read through 
bag. Seal bag. 

4. For soil jars. place sealed bag inside metal can (available from laboratory or laboratory 
supplier) and cushion it with enough noncombustible, absorbent material (for example, 
vermiculite or diatomaceous earth) between the bottom and sides of the can and bag to 
prevent breakage and absorb leakage. Pack one bag per can. Use clips, tape, or other 
positive means to hold can iid securely, tightly and permanently. Mark can as indicated in 
Paragraph 1 of Section 5.3.4.2, below. Single l-gallon bottles do not need to be placed in 
metal cans. 

5. Place one or more metal cans (or a single 1 -gallon bottle) into a strong outside container, 
such as a metal picnic cooler or a DOT-approved fiberboard box. Surround cans (or bottle) 
with noncombustible, absorbent cushioning materials for stability during transport. The 
absorbent material should be able to absorb the entire contents of the container. Mark 
container as indicated in Paragraph 2 below. 

5.4.3.2 Markina/Labelinq 

1 Use abbreviations only where specified. Place the following information, either hand-printed 
or in label form, on the metal can (or l-gallon bottle): 

l Laboratory name and address. 

I 

\ 
1 

I 

I 

I 

I 

I 

I 

I 

I 

I I 

I 

I 

! 

! 
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0 Proper shipping name from the hazardous materials table (DOT Regula- ’ 
tion CFR 49 172.101). Example: “Flammable Liquid, n.o.s. UN1993’ or “flammable 
Solid, n.o.s. UN1325.’ This wiii include packing group (see Section 5.3.4.2, No. 2.) 

Not otherwise specified (n.o.s) is not used if the flammable liquid (or solid) is identified. If 
identified, the name of the specific material is listed before the category (for example, 
Acetone, flammable Liquid), followed by its appropriate UN number found in the DOT 
Hazardous Materials table (49 CFR 172.101). 

2. Determine packing group. The packing group is part of the proper shipping name and 
must be included on the shipping papers in the description section. 

I. Most Hazardous 
II. Medium Hazard 
Ill. Least Hazardous 

The packing group will be listed in the hazardous materials table, column 5. 

3. Place all information on outside shipping container as on can (or bottle), specifically: 

0 Proper shipping name 
0 UN or NA number 
0 Proper label(s) 
0 Addressee and sender 

Place the following labels on the outside shipping container. ‘Cargo Aircraft Only” and DOT 
label such as: “flammable Liquid” (or “Flammable Solid’). “Dangerous When Wet” label 
shall be used if the flammable Solid has not been exposed to a wet environment. 
‘Laboratory Samples” and IHIS SIDE UP” or “THIS END UP” shall also be marked on the 
top of the outside container, and upward-pointing arrows shall be placed on all four sides 
of the container. 

5.4.3.3 

1. 

ShiDpinq Paoers 

Use abbreviations only where specified. Complete the carrier-provided bill of lading and 
sign certification statement. Provide the following information in the order listed (one form 
may be used for more than one exterior container): 

0 Proper shipping name. (Example: “Flammable Liquid, n.o.s. UN1993” or “Flammable 
Solid. n.o.s. UN1325 Packing Group I, II, Ill’). 

a ‘Limited Quantit)r (or “Ltd. Qty:). (See No. 3, below.) 

0 “Cargo Aircraft Only.’ 

l Net weight (wt) or net volume (vol), just before or just after “Flammable Liquid, n.o.s.’ 
or ‘flammable Solid, n.0.s.: by item, if more than one metal can is inside an exterior 
container. 

0 ‘Laboratory Samples’ (if applicable). 
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2. Include Chain-of-Custody Record, properly executed in outside container: use custody 
seals. 

3. “Limited Cuantity” means the maximum amount of a hazardous material for which there is 
a specific labeling or packaging exception (DOT CFR 49 171.8). This may mean that 
packages are exempted from labeling requirements. To determine if your sample meets 
the Limited Quantity Exception, refer to DOT Regulation CFR 49 Subpart C 173.50 through 
173.158. First, determine the proper classification and shipping name for the material; then 
refer to the exception requirements for that particular class of material beginning with 
173.50. 

Example: “Flammable Liquid n.o.s. UN1993 Packing Group 1.. The outer package can 
weigh no more than 55 pounds gross weight. The inner package or container can weigh 
no more than 0.1 gallon net capacity for each container. 

To determine whether the material can be shipped as a ‘Limited Quantity,” you must check 
the specific requirement for that class of material. 

5.4.3.4 

1. 

Transoortation 

The major&y of unknown hazardous substance samples will be classified as flammable 
liquids. The samples will be transported by rented or common carrier truck, railroad, or 
express overnight package services. Do not transport samples on any passenger-carrying 
air transport system, even if the system has cargo-only aircraft. DOT regulations permit 
regular airline cargo-only aircraft, but difficulties with most suggest avoiding them. Instead, 
ship by airline carriers that carry only ca 

‘9 
o. If unsure of what mode of transportation to 

use, consult the FOL or Project Manager. 

2. For transport by government-owned vehicle, including aircraft, DOT regulations do not 
apply. However, procedures described above, with the exception of execution of the bill 
of lading with certification, shall still be followed. 

3. Use the hazardous materials shipping check list (Attachment E) as a guidance to ensure 
that all sample-handling requirements are satisfied. 

4. In some cases, various materials may react if they ‘break during shipment. To determine 
if you are shipping such materials, refer to the DOT compatibility chart in Attachment F. 

5.5 Shioment of Lithium Batteries 

Monitoring well data are analyzed using either the Hermit SE 1000 or the Hermit SE 2000 environmental 
data logger. These instruments are powered by lithium batteries. The Department of Transportation has 
determined that lithium batteries are a hazardous material and are to be shipped using the following 
information: 

’ Note: If you are unsure as how to ship the sample (hazardous or environmental sample), 
contact the FOL or Project Manager so that a decision can be made as to the proper 
shipping practices. The DOT penalties for improper shipment of a hazardous material are 
stringent and may include a prison term for intentional violations. 

t 
1 

-1 
-I 
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l Product Designation 
Hermit SE 1000 
Hermit SE 2000 

0 DOT Proper Shipping Name 
- Lithium batteries, contained in equipment, UN3091 

0 Classification or Division 
Class 9 

Shipment of equipment containing lithium batteries must be accompanied by shipping papers completed 
as indicated in Attachment G. The instrument will be shipped by Federal Express as a Hazardous 
Material. Place the instrument in the same container in which it was received. This container or case 
is a DOT-approved shipping container. For Federal Express procedures to ship hazardous materials, 
call 1-800-238-5355. extension 922-l 666. In most cases, the return shipping papers and DOT labels will 
be shipped to you from the company warehouse or the vendor. An example of the types of labels used 
for shipment and the wording are shown in Attachment G. These labels will be attached to the outside 
container with the following wording: 

0 Lithium Batteries Contained in Equipment 
UN-3091 
Shipped Under CA-9206009 

6.0 REFERENCES 

American Public Heafth Association, 1981. Standard Methods for the Examination of Water and 
Wastewater, 15th Edition. APHA, Washington, D.C. 

U.S. Department of Transportation, 1993. Hazardous Materials Regulations, 49 CFR 171-177. 

U.S. EPA, 1984. “Guidelines Establishing Test Procedures for the Analysis of Pollutants under Clean 
Water Act’ Federal Register, Volume 49 (209) October 26. 1984, p. 43234. 

U.S. EPA 1979. Methods for Chemical Analvsis of Water and Wastes. EPA600/4-79Xl20, U.S. EPA- 
EMSL Cincinnati, Ohio. 
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AITACHMENT A 

GENERAL SAMPLE CONTAINER AND PRESERVATION REQUIREMENTS 

Sample Type and Concentration Containernl Sample Size Preservation” Hotding Tim@ 

WATER 

Low Boroulicate glass 2r4OmL Caor to 4-c 
HClto~2 

14 days’@ 

Extractabbs 
Organlcs 

(Low 2x2Lor4xl L 7 days to extractron; 
SVOCs and Amber glass cc01 to 4-c 

(CC&CC/MB) pesticide/PCBs) 
40 days l tter 
extraction 

Edmctables (Medium 
WOCs and 

2x2 L or 4x1 L 7 days to extractron; 
Amber glass None 40 days l tter 

pesticide/PCBs) extraction 

MetAP Low High-denstty polyethylene IL 6 months (Hg-28 
HNC+,w PH $2 days) 

lnorganics 
Medium Wide-mouth glass 16 oz. None 6 months 

Cyanide Low Highdensrty polyethylene 1L NaOH to 
pH>12 

14 days 

Cyanide hkdium Wrdemouth glass 16 oz. None 14 days 

Organic/ 
Inorganic 

High Hazard Wtde-mouth glass 6 oz. None 14 days 

SOIL 

Organrcs 
(GCBGC/MS) 

Inorganic3 

orgamc/ 

Inorganic 

Dioxin/Furan 

Extractabler 
SVOCs and 
pesticides/PCBs) 

Extractables (hkdium 
SVOCs and 
pesticides/PCBs) 

Low/Medium 

High Hazard 

All 

All 

Low/Medium 

Wtdemouth glass with 
teflon lster 

Wide-mouth glass 

wde-mouth glass 

2 x 4 OZ. COOI to 4.c 

8 oz. cool to 4.c 

a oz. coot to 4% 

Wide-mouth glass 8 oz. Cool to 4-c 

,7 days until 
preparation; analysis 

1 as per traction 
~ Wide-mouth glass 8 oz. None 

Charcoal tube - 7 cm 
7 

long, 6 mm OD. 4 mm ID 
100 L air Cool to 4-c 5 days 

reoommended 

14 days 

14 days to extraction; 
40 days after 
extraction 

14 days to extractton: 
40 days after 
extracbon 

6 months 
(Hg - 28 days) 
Cyanide (14 days) 

NA 

7 days until 
extraction: 
40 days after 
extraction 

TCLP 

AIR 

IV 

m 
All glass containers should have Teflon cap liners or septa. 
Bee Attachment E. Preservation and maximum holding time allowances per 40 CFR 136. 

019611/P Brown 8 Root Environmental 



iubject Number We 
SA6.1 13 of 23 

Revision Effective Date 
SAMPLE HANDUNG 0 03/01/96 

AlTACHMENT B 

ADDITIONAL REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, 
AND HOLDING TIMES 

Parameter Number/Name Container(‘) Preservation(21(31 
Maximum Holding 

. Time(4) 
4 

INORGANIC TESTS: 

Specific Conductance 

Sulfate 
I P. G cool. 4-c 128days 

P. G 1 cool, 4-c I28days 
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Parameter Number/Name 

INORGANIC TESTS (Cont’dl: 

Container(‘) 
Maximum Holding 

- Timet4) 

1 -I 

Sulfide 

Sulfite 

Turbidity 

METALS? 
Chromtum VI (Hexachrome) 

Mercury (Hg) 

Metals, except Chromium VI and 
Mercury 

ORGANIC TESTS:‘” 

I’. G 

P. G 

P. G 

P. G 

P, G 

P, G 

Cool, 4-C: add ztnc acetate 
plus sodwm hydroxide to 7 days 

PH9 

None requtred Analyxe immediately 

cool, 4% 48 hours 

cool, 4% 24 hours 

HNO, to pH 2 28 days 

HNO, to pH 2 6 months 

Purgeable HaIocaroonr 

Purgeable Aromatic Hydrocarbons 

G. Teflon-kned 
-ptum 

COOI. 4-c; 0.008% ~a&os~ 14 days 

G. Teflon-fined Cool, 4-C: 0.008% Na$+O,ls' 

-sptum I-ICI to pH 2 ‘aI 
,4 days 

Aaolein and Acrylonitrile 

Phenolsm) 

G, Teflon-lined bC% 4% o.t?06% N 
septum 7i 

s&” 
adjust pH to 4-5 a 

,4 days 

G. Teflon-lined 
cy, 

Cool, 4-c: 0.008% Na&Ozm ~;~;~;e;~~$o; 

BenzidutesmL WI 

Phthalate estersnll 

I 

G. Teflon-kned 
#p 

Cool, 4-C: 0.008% Na+&O,~ 7 days until extraction~ln 

G, Tefo$rned cool. 4.c 7 days until extraction: 
40 davs after extraction 

NitrosamineslllL (“t 

PCBs”” 

1 

G. Teflon-lined Cool, 4.C: store In dark: 7 dsys until extraction; 

-P 0.008% Na&O,” 40 days after extractton 

G. Teflo$lined cool, 4.C 7 days until extraotion; 
40 days after extraction 

Nltroaromatics & lsophorone(lll 

Polynuciear Arom8tlc Hydrocarbons 
(p~)rlll.nr 

Haloethefs~ltt 

Dioxin/Furan fTCDD/TCDP)m) 

G, Teflon-kned Cool. 4.C: 0.006% 7 days until extraction: 
=P Na,S,QR; store in dark 40 days after extracbon 

&L I 

G, Teflon-lined Cool, 4.C; 0.008% 7 days until extraction: 
-0 N+qO,m; store in dark 40 days after extraction 

0, Teflon-lined 
=P 

Cool, 4.c; 0.008% Na&Ot” ;~~;;e;~~~o; 

0, Teflon-lined 
WP 

Cool, 4-C; 0.008% NatSrOsR &d;&u;;e;~~o, 
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AlTACHMENT B 
ADDITIONAL REQUIRED CONTAINERS, PRESERVATlON TECHNIQUES, 
AND HOLDING TlMES 
PAGE THREE 

Parameter Number/Name Container(‘) Preservation(2)(3) Maximum Holding 
Timet4) 

RADIOLOGICAL TESTS: 
l-5 Alpha. beta and radium P. G 1 HN03 to pH 2 6 months 

I 

(1) Polyethylene (P): generally 500 ml or Glass (G): genemllly 1L 
(2) Sample preservation should be performed immediately upon sample collection. For composite chemical samples 

each aliquot should be preserved at the time of collection. When use of an automated sampler makes it impouuble 
to preserve each aliquot. then chemical samples may be preserved by maintaining at 4.C until composrting and 
sample splitting is completed. 

(3) When any sample is to be shipped by common wrier or sent through the United States Mail, it must comply with 
the Department of Transportation Hazardous Materials Regulations (49 CFR Part 172). 

(4) Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that 
samples may be held before analysis and still be considered valid. Samples may be held for longer periods only if 
the permittee. or monitoring laboratory. has data on file to show that the specific types of sMlplOS under study are 
stable for the longer penods. and has received a variance from the Regional Administrator. 

(5) Should only be used in the presence of residual chlorine. 
(6) Maximum holding ttme IS 24 hours when sulfide is present. Optionally, all samples may be tested with lead acetate 

paper before pH adjustments are made to dotemine if sulfide is present. If sulfide is present, lt can be removed by 
the addition of cadmium nltrate powder until a negative spot test is obtained. The sample is filtered and then NaCH 
is added to pH 12. 

(7) Samples should be filtered immediately on site before adding presewative for dissotved metals. 
(6) Guidance applies to samples to be analyzed by GC. LC. or GC/MS for specific compounds. 
(9) Sample receiving no pH adjustment must be analyred within 7 days of sampling. 
(10) The pli adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH 

adjustment must be analyzed within 3 days of sampling. 
(11) When the extractable analytes of concern fall within a single chemical category. the specified preservative and 

maximum holding times should be observed for optimum safeguard of sample integrity. Men the analytes of 
concern fall within two or more chemtcal categories. the sample may be preserved by cooling to 4-C. reducing 
residual chlorine with 0.006% sodium thiosulfate. storing in the dark, and adjusting the pH to 6-9; samples preserved 
in this manner may be held for 7 days before extraction and for 40 days after extraction. Exceptions to this optional 
prwWvation and holding time procedure are noted in footnote 5 (re: the requirement tor thiosulfate reduction of 
residual chlorine) and footnotes 12. 13 (re: the analysis of bentidine). 

(12) If 1,2diphenylthydraztne is likely to be present, adjust the pH of the sample to 4.OiO.2 to prevent rearrangement to 
bonzidine. 

(13) Exlracts may be stored up to 7 days before analysis if storage is conducted under an inert (oxidant-free) 
atmosphere. 

(14) For the l nalysir of diphenylnitrosamine. add 0.006% Na$$O, and adjust pH to 7-10 with NaOH within 24 hours of 
sampling. 

(15) The pH adjustment may be performed upon receipt at the labomtory and may be omitted if the samples are 
l x@acted within 72 hours of collection. For the analysis of aldrin. add 0.008% Na#,. 
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ATTACHMENT C 

DOT HAZARDOUS MATERIAL ClASSlFlCATlON 
(49 CFR 173.2a) 

1. Radioactive material (except a limited quantity) 

2. Division 2.3, Poisonous Gases 

3. Division 2.1, Flammable Gas 

4. Division 2.2, Nonflammable gas 

5. Division 6.1, Poisonous Liquids, Packing Group 1 (poison by inhalation only) 

6. Division 4.2, Pyrophoric Material 

7. Division 4.1, Self-Reactive Material 

8. Class 3, flammable Liquids* 

9. Class 8, Corrosive Material 

10. Division 4.1, Flammable Solid* 

11. Division 4.2, Spontaneously Combustible Materials’ 

12. Division 4.3, Dangerous When Wet Materials* 

13. Division 5.1, Oxidizers* 

14. Division 6.1, Poisonous Liquids or Solids (other than Packing Group l)* 

15. Combustible liquid 

16. Class 9, Miscellaneous Hazardous Materials 

l If a material has or meets the criteria for more than one hazard class, use the precedence of hazardous 
table on the following page for Classes 3 and 6 and Divisions 4.1,4.2,4.3,5.1, and 6.1. The following table 
ranks those materials that meet the definition of Classes 3 and 8 and Divisions 4.1, 4.2, 4.3, 5.1, and 6.1. 
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AITACHMENT D 

GUIDE FOR HAZARDOUS MATERIALS SHIPPERS 

USE OF GUIDE - This guide is presented as an aid to shippers of hazardous materials. It does not contain or 
refer to all of the DOT requirements for shipping hazardous materials. For specific details, refer to all of the 
DOT requirements for shipping hazardous materials, as provided in the Code of Federal Regulations (CFR), 
Tie 49, Transportation, Parts 100-199. 

The following is offered as a step-by-step procedure to aid in compliance with the applicable DOT regulations. 

STEP 1 - DETERMINE THE PROPER SHIPPING NAME. The shipper must determine the proper shipping 
name of the materials as listed in the Hazardous Materials Table, 49 CFR 172.101, Column (2). 

STEP 2 - DETERMINE THE HAZARD CLASS OR CLASSES. 
a. Refer to the Table, 49 CFR 172.101, Column (3). and locate the hazard class of the material. 
b. If more than one class is shown for the proper shipping name, determine the proper class by 

definition. 
c. If the materials have more than one hazard, classify the material based on the order of hazards in 

49 CFR 173.2. 

STEP 3 - SELECT THE PROPER IDENTIFICATION NUMBERS. 
a. Refer to the Table, 49 CFR 172.101, Column (3a), and select the Identification Number (ID) that 

corresponds to the proper shipping name and hazard class. 
b. Enter the ID number(s) on the shipping papers and display them, as required, on packagings, 

placards and/or orange panels. 

STEP 4 - DETERMINE THE MODE(S) OF TRANSPORT TO ULTIMATE DESTINATION. 
a. As a shipper, you must assure yourself that the shipment complies with various modal 

requirements. 
b. The modal requirements may affect the following: (1) Packaging; (2) Quantity per Package; 

(3) Marking; (4) Labeling; (5) Shipping Papers: and (6) Certification. 

STEP 5 - SELECT THE PROPER LABEL(S) AND APPLY AS REQUIRED. 
a. Refer to the Table, 49 CFR 172.101, Cdumn (4) for required labels. 
b. For details on labeling refer to (1) Additional Labels, 49 CFR 172.402; (2) Placement of Labels, 

49 CFR 172.466; (3) Packagings (Mixed orConsolidated), 49 CFR 172.494(a) and (h); (4) Packages 
Containing Samples, 49 CFR 172402(h); (5) Radioactive Materials, 49 CFR 172.403: and 
(6) Authorized label Modifications, 49 CFR 172.405. 

STEP 6 - DETERMINE AND SELECT THE PROPER PACKAGES. 
a. Refer to the Tabfe, 49 CFR 172.101, Column (5a) for exceptions and Column (5b) for specification 

pa&agings. Consider the following when selecting an authorized package: Quantity per Package; 
Cushioning Material, ff required; Proper Closure and Reinforcement; Proper Pressure: Outage: etc., 
as required. 

b. If packaged by a prior shipper, make sure the packaging is correct and in proper condition for 
transportation. 

019611/P Brown 8 Root Environmental 
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ATTACHMENT D (Continued) 
GUIDE FOR HAZARDOUS MATERIALS SHIPPERS 

STEP 7 - MARK THE PACKAGING (INCLUDING OVERPACKS). 
a. Apply the required markings (49 CFR 172.300); Proper shipping name and ID number, when 

required (49 CFR 172.301); Name and address of Consignee or Consignor (49 CFR 172.306). 
b. For details and other required markings, see 49 CFR 172.300 through 172.338. 

STEP 8 - PREPARE THE SHIPPING PAPERS. 
a. The basic requirements for preparing shipping papers include Proper Shipping Name: Hazard 

Class: ID Number; Total Quantity; Shipper’s Certification: and Emergency Response Telephone 
Number. 

b. Make all entries on the shipping papers using the information required and in proper sequence 
(49 Cl=R 172.202). 

STEP 9 - CERTlFlCATlON. 
a. Each shipper must certify by printing (manually or mechanically) on the shipping papers that the 

materials being offered for shipment are properly classified, described, packaged, marked and 
labeled, and in proper condition for transportation according to the applicable DOT Regulations 
(49 CFR 172.202). 

STEP 10 - LOADING. BLOCKING. AND BRACING. When hazardous materials are loaded into the transport 
vehicle or freight container, each package must be loaded. blocked, and braced in accordance with the 
requirements for mode of transport. 

a. If the shipper loads the freight container or transport vehicle, the shipper is responsible for the 
proper loading, blocking, and bracing of the materials. 

b. If the carrier does the loading, the carrier is responsible. 

STEP 11 - DETERMINE THE PROPER PLACARD(S). Each person who offers hazardous materials for 
transportation must determine that the placarding requirements have been met. 

a. For Highway, unless the vehicle is already correctly placarded, the shipper must provide the 
required placard(s) and required ID number(s) (49 CFR 172.506). 

b. For Rail, if loaded by the shipper, the shipper must placard the rail car if placards are required 
(49 CFR 172.508). 

c. For Air and Water shipments, the shipper has the responsibility to apply the proper placards. 

STEP 12 - HAZARDOUS WASTE/HAZARDOUS SUBSTANCE. 
a. If the material is classed as a hazardous waste or hazardous substance, most of the above steps 

will be applicable. 
b. Pertinent Environmental Protection Agency regulations are found in the Code of Federal 

Regulations, Tie 40, Part 262. 

As a final check and before offering the shipment for tmnsportetion, visually inspect your shipment. The 
shlpper should ensure that emergency response information is on the vehicle for transportation of 
hazardous materials. 

NOTE: This material may be reproduced without special permission from this office. 

Revised March 1995. 
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ATTACHMENT E 

HAZARDOUS MATERIALS SHIPPING CHECK LIST 

PACKAGING 

1. Check DOT 173.24 for appropriate type of package for hazardous substance. 

2. Check for container integrity, especially the closure. 

3. Check for sufficient absorbent material in package. 

4. Check for sample tags and log sheets for each sample and for chain-of-custody record. 

SHIPPING PAPERS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Check that entries contain only approved DOT abbreviations. 

Check that entries are in English. 

Check that hazardous material entries are specially marked to differentiate them from any 
nonhazardous materials being sent using same shipping paper. 

Be careful that all hazardous classes are shown for muiticlass materials. 

Check total amounts by weight, quantity, or other measures used. 

Check that any limited-quantity exemptions are so designated on the shipping paper. 

Check that certification is signed by shipper. 

Make certain driver signs for shipment. 

RCRA MANIFEST 

1. Check that approved state/federal manifests are prepared. 

2. Check that transporter has the following: valid EPA Mentification number, valid driver’s license, 
valid vehicle registration, insurance protection, and proper DOT labels for materials being shipped. 

3. Check that destination address is correct. 

4. Check that driver knows where shipment is going. 

5. Check that the driver is aware of emergency procedures for spills and accidents. 

6. Make certain driver signs for shipment. 

7. Make certain one copy of executed manifest and shipping document is retained by shipper. 

A I 

I 

I 

I 

1 

I 

! 

I 

I 

! 

! 
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1.0 PURPOSE 

The purpose of this procedure is to provide guidelines regarding the appropriate procedures to be 
followed when decontaminating drilling equipment, monitoring well materials, chemical sampling 
equipment and field analytical equipment. 

20 SCOPE 

This procedure addresses drilling equipment and monitoring well materials decontamination, as well as 
chemical sampling and field analytical equipment decontamination. This procedure also provides general 
reference information on the control of contaminated materials. 

3.0 GLOSSARY 

Acid - For decontamination of equipment when sampling for trace levels of inorganics. a 10% solution 
of nitric acid in deionized water should be used. Due to the leaching ability of nitric acid, it should not 
be used on stainless steel. 

Alconox/Liauinox - A brand of phosphate-free laboratory-grade detergent. 

Deionized Water - Deionized (analyte free) water is tap water that has been treated by passing through 
a standard deionizing resin column. Deionized water should contain no detectable heavy metals or other 
inorganic compounds at or above the analytical detection limits for the project. 

Potable Water - Tap water used from any municipal water treatment system. Use of an untreated 
potable water supply is not an acceptable substitute for tap water. 

Solvent - The solvent of choice is pesticide-grade isopropanoi. Use of other solvents (methanoi. 
acetone, pesticide-grade hexane, or petroleum ether) may be required for particular projects or for a 
particular purpose (e.g. for the removal of concentrated waste) and must be justified in the project 
planning documents. As an example, it may be necessary to use hexane when analyzing for trace levels 
of pesticides, PCBs, or fuels. in addition. because many of these solvents are not miscible in water, the 
equipment should be air dried prior to use. Solvents should not be used on PVC equipment or well 
construction materials. 

4.0 RESPONSlBlUllES 

Proiect Manaaer - Responsible for ensuring that all field activities are conducted in accordance with 
approved project plan(s) requirements. 

Field Owrations Leader (FOLI - Responsible for the onsite verification that all field activities are 
performed in compliance with approved Standards Operating Procedures or as otherwise dictated by 
the approved project plan(s). 

5.0 PROCEDURES 

To ensure that analyticai chemical results reflect actual contaminant concentrations present at sampling 
locations, the various drilling equipment and chemical sampling and analytical equipment used to acquire 
the environment sample must be properly decontaminated. Decontamination minimizes the potential for 
cross-contamination between sampling locations, and the transfer of contamination off site. 

01%11/P Emwn &I Root Environmental 
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5.1 Drillino Eauipment 

Prior to the initiation of a drilling program, all drilling equipment involved in field sampling activities shall 
be decontaminated by steam cleaning at a predetermined area. The steam cleaning procedure shall be 
performed using a high-pressure spray of heated potable water producing a pressurized stream of steam. 
This steam shall be sprayed directly onto all surfaces of the various equipment which might contact 
environmental samples. The decontamination procedure shall be performed until all equipment is free 
of all visible potential contamination (dirt, grease, oil, noticeable odors, etc.) In addition, this 
decontamination procedure shall be performed at the completion of each sampling and/or drilling 
location, induding soil borings, installation of monitoring wells, test pits, etc. Such equipment shall 
include drilling rigs, backhoes, downhole tools, augers, well casings, and screens. Where the drilling rig 
is set to perform multiple borings at a single area of concern, the steam-deaning of the drilling rig ftseff 
may be waived wlth proper approval. Downhde equipment, however, must always be steamcleaned 
between borings. Where PVC well casings are to be installed, decontamination is not required if the 
manufacturer provides these casings in factory-sealed, protective, plastic sleeves (so long as the 
protective packaging is not compromised until immediately before use). 

The steam cleaning area shall be designed to contain decontamination wastes and waste waters and can 
be a lined excavated pit or a bermed concrete or asphalt pad. For the latter, a floor drain must be 
provided which is connected to a holding facility. A shallow above-ground tank may be used or a 
pumping system with discharge to a waste tank may be installed. 

In certain cases such an elaborate decontamination pad is not possible. In such cases, a plastic lined 
gravel bed pad with a collection system may serve as an adequate decontamination area. Alternately, 
a lined sloped pad with a collection pump installed at the lower end may be permissible. The location 
of the steam cleaning area shall be onsite in order to minimize potential impacts at certain sites. 

Guidance to be used when decontaminating drilling equipment shall include: 

0 As a general rule, any pan of the drilling rig which extends over the borehole, shall be 
steam cleaned. 

0 All drilling rods, augers, and any other equipment which will be introduced to the hole shafl 
be steam cleaned. 

0 The drilling rig, all rods and augers, and any other potentially contaminated equipment shall 
be decontaminated between each well location to prevent cross contamination of potential 
hazardous substances. 

Prfor to leaving at the end of each work day and/or at the completion of the drilling program, drilling rigs 
and transport vehides used onsite for personnel or equipment transfer shall be steam deaned, as 
practicable. A drilling rig left at the drilling location does not need to be steam cleaned untfl tt is finished 
drifling at that location. 

5.2 Samolins Eauipment 

5.21 B8ilers and Bailing tine 

The potential for cross-contamination between sampling points through the use of a common bailer or 
its attached line is high unless strict procedures for decontamination are followed. For this reason, it is 
preferable to dedicate an indMduaf bailer and lts line to each sample point, although this does not 
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eliminate the need for decontamination of dedicated bailers. For nondedicated sampling equipment, 
the following conditions and/or decontamination procedures must be followed. 

Before the initial sampling and after each successive sampling point, the bailer must be decontaminated. 
The following steps are to be performed when sampling for organic contaminants. Note: contract- 
specific requirements may permit alternative procedures. 

0 Potabfe water rinse 
0 AlcOnoX or Liquinox detergent wash 
0 Scrubbing of the line and bailer with a scrub brush (may be required if the sample point is 

heavily contaminated with heavy or extremely viscous compounds) 
0 Potable water rinse 
0 Rinse with 10 percent nitric acid solution* 
0 Deionized water rinse 
0 Pesticide-grade isopropanol @less otherwise required) 
0 Pesticide-grade hexane rinse 
0 Copious distilled/Deionized water rinse 
0 Air dry 

If sampling for voiatile organic compounds OJOCs) only, the nitric acid, isopropanol, and hexane rinses 
may be omitted. Only reagent grade or purer solvents are to be used for decontamination. When 
solvents are used, the bailer must be thorouahly dry before using to acquire the next sample. 

In general, specially purchased precleaned disposable sampling equipment is not decontaminated (nor 
is an equipment rinsate blank collected) so long as the supplier has provided certification of deanliness. 
If decontamination is performed on several baiters at once (i.e.. in batches), bailers not lmmedfately used 
may be completely wrapped In aluminum foil (shiny-side toward equipment) and stored for future use. 
When batch decontamination is performed, one equipment rinsate is generally collected from one of the 
bailers belonging to the batch before it is used for sampling. 

It Is recommended that clean, dedicated braided nylon or polypropylene line be employed with each 
bafler use. 

5.22 Sampling Pumps 

Most sampling pumps are low volume (less than 2 gpm) pumps. These include peristaltic, diaphragm, 
air-lift, pitcher and bladder pumps, to name a few. If these pumps are used for sampling from more than 
one sampling point, they must be decontaminated prior to initial use and after each use. 

The procedures to be used for decontamination of sampling pumps compare to those used for a baiter 
except that the 10 percent nftrfc acid solution is omitted. Each of the liquid factions is to be pumped 
through the system. The amount of pumping is dependent upon the size of the pump and the length 
of the Intake and discharge hoses. Certain types of pumps are unacceptable for sampling purposes. 
For peristaitic pumps, the tubing is replaced rather than cleaned. 

l Due to the leaching ability of nitric acid on stainless steel, this step is to be omitted if a stainless 
steel sampling device is being used and metals analysis is required with detection limits less than 
approximately 50 ppb. 

m If sampling for pesticides, PCBs, or fuels. 1 
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An additional problem is introduced when the pump relies on absorption of water via an inlet or outlet 
hose. For organic sampling, this hose should be Teflon. Other types of hoses leach organics (especially 
phthalate esters) into the water being sampled or adsorb organics from the sampled water. for all other 
sampling, the hose should be Viton, polyethylene, or polyvinyl chloride (listed in order of preference). 
Whenever possible, dedicated hoses should be used. It is preferable that these types of pumps not be 
used for sampling, only for purging. 

5.2.3 Filtering Equipment 

On occasion, the sampling plan may require acquisition of filtered groundwater samples. Fidd-filtering 
is addressed in SOP SASj.1 and should be conducted as soon after sample acquisition as possible. To 
this end, three basic filtration systems are most commonly used: the in-line disposable Teflon filter, the 
inert gas over-pressure filtration system, and the vacuum filtration system. 

For the in-line filter, decontamination is not required since the filter cartridge is disposable, however, the 
cartridge must be disposed of in an approved receptacle and the intake and discharge lines must still 
be decontaminated or replaced before each use. 

For the over-pressure and the vacuum filtration systems, the portions of the apparatus which come in 
contact with the sample must be decontaminated as outlined in the paragraphs describing the 
decontamination of bailers. (Note: Varieties of both of these systems come equipped from the 
manufacturer with Teflon-lined surfaces for those that would come into contact with the sample. These 
filtration systems are preferred when decontamination procedures must be employed.) 

52.4 Other Sampling Equipment 

Field tools such as trowels and mixing bowls are to be decontaminated in the same manner as described 
above. 

5.3 field Analytical Eauipment 

5.3.1 Water Level Indicators 

Water level indicators that come into contact with groundwater must be decontaminated using the 
fdlowing steps: 

0 Rinse with potable water 
0 Rinse with deionized water 
0 Pesticide-grade isopropanol (unless otherwise directed by manufacturer) 
0 Rinse with deionized water 

Water level indicators that do not come in contact with the groundwater but may encounter incidental 
contact during installation or retrieval need only undergo the first and last steps stated above. 

5.3.2 Probes 

Probes (e.g., pH or specific-ion electrodes, geophysical probes, or thermometers) which would come 
in direct contact with the sample, will be decontaminated using the procedures specified above unless 
manufacturers instructions indicate otherwise (e,g., dissolved oxygen probes). Probes that contact a 
vdume of groundwater not used for laboratory analyses can be rinsed with deionized water. For probes 
which make no direct contact, (e.g., OVA equipment) the probe is self-cleaning when exposure to 
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uncontaminated air is allowed and the housing can be wiped clean with paper-towels or cloth wetted with 
afcohd. 

5.4 waste Handlinq 

For the purposes of these procedures, contaminated materials are defined as any byproducts of field 
activities that are suspected or known to be contaminated with hazardous substances: These byproducts 
indude such materials as decontamination sdutions. disposable equipment, drilling muds, weil- 
development fluids, and spill-contaminated materials and Personal Protection Equipment (PPE). 

The procedures for obtaining permits for investigations of sites containing hazardous substances are not 
dearly defined at present. In the absence of a clear directive to the contrary by the EPA and the states, 
it must be assumed that hazardous wastes generated during field activities will require compliance with 
Federal agency requirements for generation, storage, transportation, or disposal. in addition, there may 
be state regulations that govern the disposal action. This procedure exdusfvely describes the technical 
methods used to control contaminated materials. 

The plan documents for site activities must include a description of control procedures for contaminated 
materials. This planning strategy must assess the type of contamination, estimate the amounts that 
would be produced, describe containment equipment and procedures, and delineate storage or disposal 
methods. As a general policy, it is wise to select investigation methods that minimize the generation of 
contaminated spoils. Handling and disposing of potentially hazardous materials can be dangerous and 
expensive. Until sample analysis is complete, it Is assumed that all produced materials are suspected 
of contamination from hazardous chemicals and require containment 

5.5 Sources of Contaminated Materials and Containment Methods 

5.5.1 Decontamination Solutions 

All waste decontamiMtion sdutions and rinses must be assumed to contain the hazardous chemicals. 
associated with the site unless there are analytical or other data to the contrary. The waste solution 
volumes could vary from a few gallons to several hundred gallons in cases where large equipment 
required cleaning. 

Containerized waste rinse solutions are best stored in 55gallon drums (or equivalent containers) that can 
be sealed until ultimate disposal at an approved facility. Larger equipment such as backhoes and 
tractors must be decontaminated in an area provided with an impermeable liner and a liquid collection 
system. A decontamination area for large equipment could consist of a bermed concrete pad with a 
floor drain leading to a buried holding tank. 

5.5.2 Disposable Equipment 

Disposable equipment that could become contaminated during use typically includes PPE. rubber gloves, 
boots, broken sample containers, and cleaning-wipes. These items are small and can easily be 
contained in 55gallon drums with lids. These containers should be dosed at the end of each work day 
and upon project completion to provide secure containment until disposed. 

5.1.3 Drilling Muds and Well-Development Fluids 

Drilling muds and welldevelopment fluids are materials that may be used in groundwater monitoring well 
installations. Their proper use could result In the surface accumulation of contaminated liquids and muds 

Brown & Root Environmental 



Subject Number fQ!P 

DECONTAMINATION OF WASTE SA-7.1 7of9 
EQUIPMENT AND WASTE HANDUNG Revkion Effeotive oat0 

1 01/21/97 

that require containment. The volumes of drilling muds and well-development fluids used depend on wdl 
diameter and depth, groundwater characteristics. and geologic formations. There are no simple 
mathematical formulas available for accurately predicting these volumes. lt is best to rely on the 
experience of reputable well drillers familiar with local conditions and the well installation techniques 
selected. These individuals should be able to estimate the sizes (or number) of containment structures 
required. Since guesswork is involved, it is recommended that an slight excess of the estimated amount 
of containers required will be available. 

Drilling muds are mixed and stored in what is commonly referred to as a mud pit. This mud pit consists 
of a suction section from which drilling mud is withdrawn and pumped through hoses, down the drill pipe 
to the bit, and back up the hole to the settling section of the mud pit. In the settling section, the mud’s 
velocity is reduced by a screen and several flow-restriction devices, thereby allowing the well cuttings 
to settle out of the mud/fluid. 

The mud pit may be either portable above-ground tanks commonly made of ateef (which is preferred) 
or stationary in-ground pits as depicted in Attachment A. The aboveground tanks have a major 
advantage over the in-ground pits because the above-ground tanks isoiate the natural soils from the 
contaminated fluids within the drilling system. These tanks are also portable and can usually be cleaned 
easily. 

As the well is drilled, the cuttings that accumulate in the settling section must be removed. This is best 
done by shoveling them into drums or other similar containers. When the drilling is complete, the 
contents of the aboveground tank are likewise shoveled or pumped into drums, and the tank is deaned 
and made available for fts next use. 

If in-ground pits are used, they should not extend into the natural water table. They should also be lined 
with a bentonfte-cement mixture followed by a layer of flexible impermeable material such as plastic 
sheeting. of course, to maintain its impermeable seal, the lining material used would have to be 
nonreactive with the wastes. An advantage of the in-ground pits is that well cuttings do not necessarily 
have to be removed periodically during drilling because the pit can be made deep enough to contain 
them. Depending on site conditions, the in-ground pit may have to be totally excavated and refilled with 
uncontaminated natural soils when the drilling operation is complete. 

When the above-ground tank or the in-ground pit is used, a reserve tank or pit should be located at the 
site as a backup system for leaks, spills, and overflows. In either case, surface drainage should be such 
that any excess fluid could be controlled within the immediate area of the drill site. 

The containment procedure for wdldevelopment fluids is similar to that for drilling muds. The vofume 
and weight of contaminated fluid will be determined by the method used for development. When a new 
well is pumped or baifed to produce clear water, substantially less volume and weight of fluid result than 
when backwashing or high-velocity jetting is used. 

5.54 Spill-Contaminated Materials 

A spill is always possible when containers of liquids are opened or moved. Contaminated sorbents and 
soils resulting from spills must be contained. Srnafi quantities of spill-contaminated materials are usually 
best contained in drums, while larger quantities can be placed in lined pits or in other impermeaMe 
structures. In some cases, onsfte containment may not be feasible and immediate transport to an 
approved disposal site will be required. 
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5.6 Dls~osal of Contaminated Materials 

Actual disposal techniques for contaminated materials are the same as those for any hazardous 
substance, that fs, incineration. landfilling, treatment, and so on. The problem centers around the 
assignment of responsibility for disposal. The responsibility must be determined and agreed upon by 
all invdved parties before the field work starts. If the site owner or manager was invdved in activities 
that precipitated the investigation, it seems reasonable to encourage his acceptance of the disposal . 
obligation. In instances where a responsible party cannot be identified, this responsibility may fafi on the 
public agency or private organization investigating the site. I 

Another consideration in selecting disposal methods for contaminated materials is whether the disposal 
can be incorporated into subsequent site cleanup actfvities. For example, ff construction of a suitable 
onsite disposal structure is expected, contaminated materials generated during the investigation should 
be stored at the site for disposal with other site materials. In this case, the initial containment structures 
should be evaluated for use as long-term storage stnx%ures. Also, other site conditions such as drainage 
controf. security, and soil type must be considered so that proper storage is provided. If on&e storage 
is expected, then the containment structures should be specifically designed for that purpose. 

6.0 REFERENCES 

Brown 81 Root Environmental: Standard Operating Procedure No. 4.33, Control of Contaminated 
Material. 
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1.0 PURPOSE 

The purpose of this procedure is to describe the methods and equipment necessary to perform soil and 
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to 
obtain soil. both surface and subsurface, and rock samples during field sampling activities. 

2.0 SCOPE 

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and 
drawbacks. It should be used generally to determine what type of drilling techniques would be most 
successful depending on site-specific geologic conditions and the type of sampling required. 

The sampling methods described within this procedure are applicable to collecting surface and 
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation, 
excavation/foundation design and related civil engineering purposes. 

. 

3.0 GLOSSARY 

Rock Corinq - A method in which a continuous solid cylindrical sample of rock or compact rock-like soil 
is obtained by the use of a double tube core barrel that is equipped with an appropriate diamond- 
studded drill bii which is advanced with a hydraulic rotary drilling machine. 

Wire-Line Corinq - As an alternative to conventional coring, this technique is valuable in deep hole drilling, 
since this method eliminates trips in and out of the hole with the coring equipment. Wiih this technique, 
the core barrel becomes an integral part of the drill rod string. The drill rod setves as both a coring 
device and casing. 

4.0 RESPONSIBILITIES 

Project Manaqer - In consultation with the project geologist, the Project Manager is responsible for 
evaluating the drilling requirements for the site and specifying drilling techniques that will be successful 
given the study objectives and geologic conditions at the site. The Project Manager also determines the 
disposal methods for products generated by drilling, such as drill cuttings and well development water. 
as well as any specialized supplies or logistical support required for the drilling operations. 

Field Operations Leader (FOL\ - The FOL is responsible for the overall supervision and scheduling of 
drilling activiiies, and is strongly supported by the project geologist. 

Proiect Geoloqist - The project geologist is responsible for ensuring that standard and approved drilling 
procedures are followed. The geologist will generate a detailed boring log for each test hole. This log 
shall include a description of materials. samples, method of sampling, blow counts, and other pertinent 
drilling and testing information that may be obtained during drilling (sea SOPS SAS.3 and GH-1.5). Often 
this position for inspecting the drilling operations may be filled by other geotechnical personnel, such as 
soils and foundation engineers, civil engineers, etc. 

Determination of the exact location for borings is the responsibility of the site geologist. The final 
location for drilling must be properly documented on the boring log. The general area in which the 
borings are to be located will be shown on a site map included in the Work Plan and/or Sampling and 
Analysis Plan. 

Brown 8 Root Environmental 
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Drillina Subcontractor - Operates under the supervision of the FOL Responsible for obtaining all drilling 
PendtS and clearances, and supplying all services (including labor), equipment and material required to 
perform the drilling, testing, and well installation program, as well as maintenance and quality control of 
such required equipment except as stated in signed and approved subcontracts. 

The driller must report any major technical or analytical problems encountered in the field to the FOL 
within 24 hours of determination, and must provide advance written notification of any changes in field 
procedures, describing and justifying such changes. No such changes shall be made unless requested 
and authorized in writing by the FOL (with the concurrence of the Project Manager). 

The drilling subcontractor is responsible for following decontamination procedures specified in the project 
plan documents. Upon completion of the work, the driller is responsible for demobilizing all equipment, 
cleaning up any materials deposited on site during drilling operations, and properly backfilling any open 
borings. 

5.0 PROCEDURES 

5.1 General 

The purpose of drilling boreholes is: 

0 To determine the type, thickness, and certain physical and chemical properties of the soil, 
water and rock strata which underlie the site. 

-0 To install monitoring wells or piezometers. 

All drilling and sampling equipment will be cleaned between samples and borings using appropriate 
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified, it is generally 
advisable to drill borings at “clean” locations first, and at the most contaminated locations last, to reduce 
the risk of spreading contamination between locations. All borings must be logged by the rig geologist 
as they proceed (see SOPS SA-6.3 and GH-1.5). Situations where logging would not be required would 
include installation of multiple well points within a small area, or a “second attempt’ boring adjacent to 
a boring that could not be continued through resistant material. In the latter case, the boring log can 
be resumed 5 feet above the depth at which the initial boring was abandoned, although the rig geologist 
should still confirm that the stratigraphy at the redrilled location conforms essentially with that 
encountered at the original location. If significant differences are seen, each hole should be logged 
separately. 

5.2 Drlllins Methods 

The selected drilling methods described below apply to drilling in subsurface materials, including, but not 
limited to, sand, gravel, clay, silt, cobbles, boulders, rock and man-made fill. Drilling methods should be 
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the 
purpose of drilling and the overall subsurface investigation program proposed for the site. The full range 
of different drilling methods applicable to the proposed program should be identified with final selection 
based on relative cost, availability, time constraints, and how well each method meets the sampling and 
testing requirements of the individual drilling program. 
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5.2.1 Continuous-Flight Hollow-Stem Auger Drilling 

This method of drilling consists of rotating augers with a hollow stem into the ground. Cuttings are 
brought to the surface by the rotating action of the auger. This method is relatively quick and 
inexpensive. Advantages of this type of drilling include: 

0 Samples can be obtained without pulling the augers out of the hole. However, this is a poor 
method for obtaining grab samples from thin, discrete formations because of mixing of soils 
which occurs as the material is brought to the surface. Sampling of such formations requires 
the use of split-barrel or thin-wall tube samplers advanced through the hollow core of the 
auger. 

0 No drilling fluids are required. 

0 A well can be installed inside the auger stem and backfilled as the augers are withdrawn. 

Disadvantages and limitations of this method of drilling include: 

0 Augering can only be done in unconsolidated materials. 

0 The inside diameter of hollow stem augers used for well installation should be at least 
4 inches greater than the well casing. Use of such large-diameter hollow-stem augers is 
more expensive than the use of smalldiameter augers in boreholes not used for well 
installation. Furthermore, the density of unconsolidated materials and depths become more 
of a limiting factor. More friction is produced with the larger diameter auger and 
subsequently greater torque is needed to advance the boring. 

0 The maximum effective depth for drilling is 150 feet or less, depending on site conditions and 
the size of augers used. 

0 In augering through clean sand formations below the water tabfe, the sand will tend to flow 
into the hollow stem when the plug is removed for soil sampling or well installation. If the 
condition of ‘running” or ‘Rowing” sands is persistent at a site, an alternative method of 
drilling is recommended, in particular for wells or boreholes deeper than 25 feet. 

0 Hollow-stem auger drilling is the preferred method of drilling. Most alternative methods 
require the introduction of water or mud downhole (air rotary is the exception) to maintain 
the open borehole. Wlth these other methods, great care must be taken to ensure that the 
method does not Interfere with the collection of a representative sample (which is the 
objective of the borehole construction. With this in mind, the preferred order of choice of 
drifling method after hollow-stem augerfng (HSA) is: 

e Cable tool 
- Casing drive (air) 
m Air rotary 
- Mud rotary 

Rotosonic 
- Drive and wash 
- Jetting 

BroWn 8 Root Environmental 
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However, the use of any method will also depend on efficiency and cost-effectiveness. In many cases, 
mud rotary is the only feasible alternative to hollow-stem augering. Thus, mud rotary drilling is generally 
acceptable as a first substitute for HSA. 

The procedures for sampling soils through holes drilled by hollow-stem auger shall conform with the 
applicable ASTM Standards: D1587-83 and 01586-84. The guidelines established in SOP SA-1.3 shall 
also be followed. The hollow-stem auger may be advanced by any power-operated drilling machine 
having sufficient torque and ram range to rotate and force the auger to the desired depth. The machine 
must, however, be equipped with the accessory equipment needed to perform required sampling, or rock 
coring. 

The hollow-stem auger may be used without the plug when boring for geotechnical examination or for 
well installation. However, when drilling below the water table. specially designed plugs which allow 
passage of formation water but not solid material shall be used (see Reference 1 of this guideline). This 
drilling configuration method also prevents blow back and plugging of the auger when the plug is 
removed for sampling. 

Alternately, it may be necessary to keep the hollow stem full of water, at least to the level of the water 
table, to prevent blowback and plugging of the auger. If water is added to the hole. it must be sampled 
and analyzed to determine if it is free from contaminants prior to use. In addition. the amount of water 
introduced, the amount recovered upon attainment of depth, and the amount of water extracted during 
well development must be carefully logged in order to ensure that a representative sample of the 
formation water can be obtained. Well development should occur as soon after well completion as 
practicable (see SOP GH-2.8 for well development procedures). If gravelly or hard material is 
encountered which prevents advancing the auger to the desired depth, augering should be halted and 
either driven casing or hydraulic rotary methods should be attempted. If the depth to the bedrock/soil 
interface and bedrock lithology must be determined, then a S-foot confirmatory core run should be 
conducted (see Section 5.2.9). 

At the option of the Field Operations Leader (in communication with the Project Manager), when resistant 
materials prevent the advancement of the auger, a new boring can be attempted. The original boring 
must be properly backfilled and the new boring started a short distance away at a location determined 
by the site geologist. If multiple water bearing strata were encountered, the original boring must be 
grouted. In some formations, it may be prudent to also grout borings which penetrate only the water 
table aquifer, since loose soil backfill in the boring may still provide a preferred pathway for surface 
liquids to reach the water table. 

5.22 Continuous-Flight Solid-Stem Auger Drilling 

This drilling method is similar to hollow-stem augering. Practical application of this method is severely 
restricted compared to use of hollow-stem augers. Split-barrel (split-spoon) sampling cannot be 
performed wfthout pulling the augers out, which may allow the hole to collapse. The continuous-flight 
solid-stem auger drilling method is therefore very time consuming and is not cost effective. Also, augers 
would have to be withdrawn before installing a monitoring well, which again, may allow the hole to 
cdlapse. Furthermore, geologic logging by examining the soils brought to the surface is unreliable, and 
depth to water may be difficult to determine while drilling. 

There would be very few situations where use of a solid-stem auger would be preferable to other drilling 
methods. The only practical applications of this method would be to drill boreholes for well installation 
where no llthologic information is desired and the soils are such that the borehole can be expected to 
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remain open after the augers are withdrawn. Alternatively, this technique can be used to find depth to 
bedrock in an area when no other information is required from drilling. 

5.2.3 Rotary Drilling 

Direct rotary drilling includes air-rotary and fluid-rotary drilling. For air or fluid-rotary drilling, the rotary 
drill may be advanced to the desired depth by any power-operated drilling machine having sufficient 
torque and ram range to rotate and force the bit to the desired depth. The drilling machine must, 
however, be equipped with any accessory equipment needed to perform required sampling, or coring. 
Prior to sampling, any settled drill cuttings in the borehole must be removed. 

Air-rotary drilling is a method of drilling where the drill rig simultaneously turns and exerts a downward 
pressure on the drilling rods and bit while circulating compressed air down the inside of the drill rods, 
around the bit, and out the annulus of the borehole. Air circulation serves to both cool the bit and 
remove the cuttings from the borehole. Advantages of this method include: 

0 The drilling rate is high (even in rock). 
0 The cost per foot of drilling is relatively low. 
0 Air-rotary rigs are common in most areas. 
0 No drilling fluid is required (except when water is injected to keep down dust). 
l The borehole diameter is large, to allow room for proper well installation procedures. 

Disadvantages to using this method include: 

0 Formations must be logged from the cuttings that are blown to the surface and thus the 
depths of materials logged are approximate. 

0 Air blown into the formation during drilling may ‘bind” the formation and impede well 
development and natural groundwater flow. 

0 In-situ samples cannot be taken, unless the hole is cased. 

0 Casing must generally be used in unconsolidated materials. 

0 Air-rotary drill rigs are large and heavy. 

A variation of the typical air-rotary drill bii is a down hole hammer which hammers the drill bii down as 
it drills. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock 
coring although they are generally slower than other types of core drills. A major application of the air- 
rotary drilling method would be to drill holes in rock for well installation. 

Fluid-Rotary drilling operates in a similar manner to air-rotary drilling except that a drilling fluid Cmud’) 
or clean water is used in place of air to cool the drill bll and remove cuttings. There are a variety of 
fluids that can be used with this drilling method, induding bentonite slung and synthetic slurries. If a 
drilling fluid other than water/cuttings is used. lt must be a natural clay (Le., bentonke) and a 
‘background” sample of the fluid should be taken for analysis of possible organic or inorganic 
contaminants. 
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Advantages to the fluid-rotary drilling method include: 

0 The ability to drill in many types of formations. 

0 Relatively quick and inexpensive. 

0 Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be obtained without removing 
drill rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used. 

0 in some borings temporary casing may not be needed as the drilling fluids may keep the 
borehole open. 

0 Drill rigs are readily available in most areas. 

Disadvantages to this method include: 

Formation logging is not as accurate as with hollow-stem auger method if split-barrel (split- 
spoon) samples are not taken (i.e., the depths of materials logged from cuttings delivered to 
the surface are approximate). 

Drilling fluids reduce permeability of the formation adjacent to the boring to some degree, 
and require more extensive well development than “dry’ techniques (augering, air-rotary). 

No information on depth to water is obtainable while drilling. 

Fluids are needed for drilling, and there is some question about the effects of the drilling 
fluids on subsequent water samples obtained. For this reason as well, extensive well 
development may be required. 

in very porous materials (i.e., rubble fill, boulders. coarse gravel) drilling fluids may be 
continuously lost into the formation. This requires either constant replenishment of the drilling 
fluid, or the use of casing through this formation. 

Drill rigs are large and heavy, and must be supported with supplied water. 

Groundwater samples can be potentially diluted with drilling fluid. 

The procedures for performing direct rotary soil investigations and sampling shall conform with the 
applicable ASTM standards: D2113-83,D1587-63. and D1586-64. 

Soil samples shall be taken as specified by project plan documents, or more frequently, if requested by 
the project geologist. Any required sampling shall be performed by rotation, pressing, or driving in 
accordance with the standard or approved method governing use of the particular sampling tool. 

When field conditions prevent the advancement of the hole to the desired depth, a new boring may be 
drilled at the request of the Field Operations Leader. The original boring shall be backfilled using 
methods and materials appropriate for the given site and a new boring started a short distance away at 
a location determined by the project geologist. 
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5.2.4 Rotosonic Drilling 

The Rotosonic drilling method employs a high frequency vibrational and low speed rotational motion 
coupled with down pressure to advance the cutting edge of a drill string. This produces a uniform 
borehole while providing a continuous, undisturbed core sample of both unconsolidated and most 
bedrock formations. Rotosontc drilling advances a 4-inch diameter to l2-inch diameter core barrel for 
sampling and can advance up to a 12-inch diameter outer casing for the construcito of standard and 
telescoped monitoring wells. During drilling, the core barrel is advanced ahead of the outer barrel in 
increments as determined by the site geologist and depending upon type of material, degree of 
subsurface contamination and sampling objectives. 

The outer casing can be advanced at the same time as the inner drill string and core barrel, or advanced 
down over the inner drill rods and core barrel, or after the core barrel has moved ahead to collect the 
undisturbed sample and has been pulled out of the borehole. The outer casing can be advanced dry 
in most cases, or can be advanced with water or air depending upon the formations being drilled, the 
depth and diameter of the hole. or requirements of the project. 

Advantages of this method include: 

0 Sampling and well installation are faster as compared to other drilling methods. 

0 Continuous sampling, with larger sample volume as compared to split-spoon sampling. 

0 The ability to drill through difficult formations such as cobbles or boulders, hard till and 
bedrock. 

0 Reduction of IDW by an average of 70 to 80 percent. 

0 Well installations are quick and controlled by elimination of potential bridging of annular 
materials during well installation, due to the ability to vibrate the outer casing during removal. 

Disadvantages include: 

0 The cost for Rotosonic drilling as compared to other methods are generally higher. However, 
the net result can be a significant savings considering reduced IDW and shortened project 
duration. 

0 Rotosonic drill rigs are large and need ample room to drill, however, Rotosonic units can be 
placed on the ground or placed on an AlV. 

0 There are a limited number of Rotosonic drilling contractors at the present time. 

5.25 Reverse Circulation Rotary Drilling 

The common reverse-circulation rig is a water or mud-rotary rig with a large-diameter drill pipe which 
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow direction 
from direct mud-rotary). This type of rig is used for the construction of large-capacity production water 
wells and is not suited for small, water quality sampling wells because of the use of drilling muds and 
the large-diameter hole which is created. A few special reverse-circulation rotary rigs are made with 
double-wall drill pipe. The drilling water or air is circulated down the annulus between the drill pipes and 
up inside the inner pipe. 
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Advantages of the latter method include: 

a The formation water is not contaminated by the drilling water. 

0 Formation samples can be obtained, from known depths. 

0 When drilling with air, immediate information is available regarding the water-bearing 
properties of formations penetrated. 

0 Collapsing of the hole in unconsolidated formations is not as great a problem as when drilling 
with the normal air-rotary rig. 

Disadvantages include: 

0 Double-wall, reverse-circulation drill rigs are very rare and expensive to operate. 

0 Placing cement grout around the outside of the well casing above a well screen often is 
difficult. especially when the screen and casing are placed down through the inner drill pipe 
before the drill pipe is pulled out. 

5.26 Drill-through Casing Driver 

The driven-casing method consists of alternately driving casing (fiied with a sharp, hardened casing 
shoe) into the ground using a hammer lifted and dropped by the drill rig (or an air-hammer) and cleaning 
out the casing using a rotary chopping bit and air or water to flush out the materials. The casing is 
driven down in stages (usually 5 feet per stage); a continuous record is kept of the blows per foot in 
driving the casing (see SOP GH-1.5). The casing is normally advanced by a 300-pound hammer falling 
freely through a height of 30 inches. Simultaneous washing and driving of the casing is not 
recommended. If this procedure is used, the elevations within which wash water is used and in which 
the casing is driven must be clearly recorded. 

The driven casing method is used in unconsolidated formations only. When the boring is to ‘be used for 
later well installation, the driven casing used should be at least 4 inches larger in diameter than the well 
casing to be installed. Advantages to this method of drilling include: 

0 Split-barrel (split-spoon) sampling can be conducted while drilling. 

0 Well installation is easily accomplished. 

0 Drill rigs used are relatively small and mobile. 

0 The use of casing minimizes flow into the hole from upper water-bearing layers: therefore, 
multiple aquifers can be penetrated and sampled for rough field determinations of some water 
quality parameters. 

Some of the disadvantages include: 

0 This method can only be used in unconsolidated formations. 

0 The method is slower than other methods (average drilling progress is 30 to 50 feet per day). 
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0 Maximum depth of the borehole varies with the size of the drill rig and casing diameter used, 
and the nature of the formations drilled. 

0 The cost per hour or per foot of drilling may be substantially higher than other drilling 
methods. 

0 It Is difficult and time consuming to pull back the casing if it has been driven very deep 
(deeper than 50 feet in many formations). 

5.2.7 Cable Tool Drilling 

A cable tool rig uses a heavy, solid-steel, chisel-type drill bit (“tool”) suspended on a steel cable, which 
when raised and dropped, chisels or pounds a hole through the soils and rock. Drilling progress may 
be expedited by the use of “slip-jars” which seNe as a cable-activated down hole percussion device to 
hammer the bit ahead. 

When drilling through the unsaturated zone, some water must be added to the hole. The cuttings are 
suspended in the water and then bailed out periodically. Below the water table, after sufficient ground 
water enters the borehole to replace the water removed by bailing, no further water needs to be added. 

When soft caving formations are encountered, it is usually necessary to drive casing as the hole is 
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom of 
the casing. Because the drill bit is lowered through the casing, the hole created by the bit is smaller than 
the casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be driven 
into the hole (see Section 5.2.5 of this guideline). 

Advantages of the cable-tool method include the following: 

0 Information regarding water-bearing zones is readily available during the drilling. Even 
relative permeabilities and rough water quality data from different zones penetrated can be 
obtained by skilled operators. 

0 The cable-tool rig can operate satisfactorily in all formations, but is best suited for caving, 
boulder. cable or coarse gravel type formations (e.g., glacial till) or formations with large 
cavities above the water table (such as limestones). 

0 When casing is used, the casing seals formation water out of the hole, preventing down hole 
contamination and allowing sampling of deeper aquifers for field-measurable water qualit 
parameters. 

0 Spllt-barrel (split-spoon) or thin-wall (Shelby) tube samples can be collected through the 
casing. 

Disadvantages include: 

l Drilling is slow compared with rotary rigs. 

0 The necessity of driving the casing in unconsolidated formations requires that the casing be 
pulled back if exposure of selected water-bearing zones is desired. This process complicates 
the well completion process and often increases costs. There is also a chance that the 
casing may become stuck in the hole. 
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-0 The relatively large diameters required (minimum of 4-inch casing) plus the cost of steel 
casing result in higher costs compared to rotary drilling methods where casing is not required 
(e.g., such use of a hollow-stem auger). 

0 Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the U.S., 
availability may be difficult. 

5.2.6 JeYDrilling (Washing) 

Jet drilling, which should be used only for piezometer or vadose zone sampler installation, consists of 
pumping water or drilling mud down through a small diameter (l/2- to P-inch) standard pipe (steel or 
PVC). The pipe may be fitted with a chisel bit or a special jetting screen. Formation materials dislodged 
by the bit and jetting action of the water are brought to the surface through the annulus around the pipe. 
As the pipe is jetted deeper, additional lengths of pipe may be added at the surface. 

Jet percussion is a variation of the jetting method, in which the casing is driven with a drive weight. 
Normally, this method is used to place a-inch-diameter casing in shallow, unconsolidated sand 
formations, but this method has also been used to install 3- to 4-inchdiameter casings to a depth of 
200 feet. 

Jetting is acceptable in very soft formations, usually for shallow sampling, and when introduction of 
drilling water to the formation is acceptable. Such conditions would occur during rough stratigraphic 
investigation or installation of piezometers for water level measurement. Advantages of this method 
include: 

l Jetting is fast and inexpensive. 

l Because of the small amount of equipment required, jetting can be accomplished in locations 
where access by a normal drilling rig would be very difficult. For example, it would be 
possible to jet down a well point in the center of a lagoon at a fraction of the cost of using 
a drill rig. 

0 Jetting numerous well points just into a shallow water table is an inexpensive method for 
determining the water table contours, hence flow direction. 

Disadvantages include the following: 

0 A large amount of foreign water or drilling mud is introduced above and into the formation 
tobe sampled. 

l Jetting is usually done in very soft formations which are subject to caving. Because of this 
caving, it is often not possible to place a grout seal above the screen to assure that water 
in the well is only from the screened interval. 

l The diameter of the casing is usually limited to 2 inches: therefore, samples must be obtained 
by methods applicable to smell diameter casings. 

0 Jetting is only possible in very soft formations that do not contain boulders or coarse gravel, 
and the depth limitation is shallow (about 30 feet without jet percussion equipment). 

l Large quantities of water are often needed. 
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5.29 Drilling with a Hand Auger 

This method is applicable wherever the formation, total depth of sampling, and the site and groundwater 
conditions are such as to allow hand auger drilling. Hand augering can also be considered at locations 
where drill rig access is not possible. All hand auger borings will be performed according to 
ASTM D 145280. 

Samples should be taken continuously unless otherwise specified by the project plan documents. Any 
required sampling is performed by rotation, pressing, or driving in accordance with the standard or 
approved method governing use of the particular sampling tool. Typical equipment used for sampling 
and advancing shallow “hand augef’ holes are lwan samplers (which are rotated) or post hole diggers 
(which are operated like tongs). These techniques are slow but effective where larger pieces of 
equipment do not have access, and where very shallow holes are desired (less than 15 feet). Surficial 
soils must be composed of relatively soft and non-cemented formations to allow penetration by the 
auger. 

5.2.10 Rock Drilling and Coring 

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil 
or when rock or large boulders are encountered, drilling and sampling can be perfonned using a 
diamond bit corer in accordance with ASTM D2113. 

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. The drill btt 
is a circular, hollow, diamond-studded bit attached to the outer core barrel in a double-tube core barrel. 
The use of single-tube core barrels is not recommended, as the rotation of the barrel erodes the sample 
and limits its use for detailed geological evaluation. Water or air is circulated down through the drill rods 
and annular space between the core barrel tubes to cool the bii and remove the cuttings. The bit cuts 
a core out of the rock which rises into an inner barrel mounted inside the outer barrel. The inner core 
barrel and rock core are removed by lowering a wire line with a coupling into the drill rods, latching onto 
the inner barrel and withdrawing the inner barrel. A less efficient variation of this method utilizes a core 
barrel that cannot be removed without pulling all of the drill rods. This variation is practical only lf less 
than 50 feet of core is required. 

Core borings are made through the casing used for the soil borings. The casing must be driven and 
sealed into the rock formation to prevent seepage from the overburden into the hole to be cored (see 
Section 5.3 of this guideline). A double-tube core barrel with a diamond bit and reaming shell or 
equivalent should be used to recover rock cores of a size specified in the project plans. The most 
common core barrel diameters are listed in Attachment A. 

Soft or decomposed rock should be sampled with a driven split-barrel whenever possible or cored with 
a Denison or Pitcher sampler. 

When coring rock, including shale and claystone. the speed of the drill and the drilling pressure, amount 
and pressure of water, and length of run can be varied to give the maximum recovery from the rock 
being drilled. Should any rock formation be so soft or broken that the pieces continually fall into the hole 
causing unsatisfactory coring, the hole should be reamed and a flush-joint casing installed to a point 
below the broken formation. The size of the flush-joint casing must permit securing the core size 
specified. When soft or broken rock is anticipated, the length of core runs should be reduced to less 
than 5 feet to avoid core loss and minimize core disturbance. 
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Advantages of core drilling include: 

l Undisturbed rock cores can be recovered for examination and/or testing. 

0 In formations in which the cored hole will remain open without casing, water from the rock 
fractures may be recovered from the well without the installation of a well screen and gravel 
pack. 

0 Formation logging is extremely accurate. 

0 Drill rigs are relatively small and mobile. 

Disadvantages include: 

0 Water or air is needed for drilling. 

l Coring is slower than rotary drilling (and more expensive). 

0 Depth to water cannot accurately be determined if water is used for drilling. 

0 The size of the borehole is limited. 

This drilling method is useful if accurate determinations of rock lithology are desired or if open wells are 
to be installed into bedrock. To install larger diameter wells in coreholes, the hole must be reamed out 
to the proper size after boring, using air or mud rotary drilling methods. 

5.211 Drilling & Support Vehicles 

In addition to the drilling method required to accomplish the objectives of the field program, the type of 
vehicle carrying the drill rig and/or support equipment and its suitability for the site terrain, will often be 
an additional deciding factor in planning the drilling program. The types of vehicles available are 
extensive, and depend upon the particular drilling subcontractor’s fleet. Most large drilling 
subcontractors will have a wide variety of vehicle and drill types suited for most drilling assignments in 
their particular region, while smaller drilling subcontractors will usually have a fleet of much more limited 
diversity. The weight, size, and means of locomotion (tires, tracks, etc.) of the drill rig must be selected 
to be compatible with the site terrain to assure adequate mobility between borehole locations. Such 
considerations also apply to necessary support vehicles used to transport water and/or drilling materials 
to the drill rigs at the borehole locations. When the drill rigs or support vehicles do not have adequate 
mobility to easily traverse the site, provisions must be made for assisting equipment, such as bulldozers, 
winches, timber planking, etc., to maintain adequate progress during the drilling program. 

Some of the typical vehicles which are usually available for drill rigs and support equipment are: 

0 Totally portable drilling/sampling equipment, where all necessary components (tripods, 
samplers, hammers, catheads, etc.) may be hand carried to the borehole site. 
Drilling/sampling methods used with such equipment include: 

- Hand augers and lightweight motorized augers. 
- Retractable plug samplers-driven by hand (hammer). 
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Motorized cathead - a lightweight aluminum tripod with a small gas-engine cathead 
mounted on one leg, used to install smalldiameter cased borings. This rig is 
sometimes called a “monkey on a stick.” 

Skid-mounted drilling equipment containing a rotary drill or enginedriven cathead (to lift 
hammers and drill string), a pump, and a dismounted tripod. The skid is pushed, dragged, 
or winched (using the cathead drum) between boring locations. 

Small truck-mounted drilling equipment using a jeep, stake body or other light truck (4 to 
6 wheels). upon which are mounted the drill and/or a cathead. a pump, and a tripod or small 
drilling derrick. On some rigs, the drill and/or a cathead are driven by a power take-off from 
the truck, instead of by a separate engine. 

Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle 
used has wide bulldozer tracks for traversing soft ground. Sometimes a continuous-track “all 
terrain vehicle” is also modified for this purpose. Some types of tracked drill rigs are called 
“bombardier” or “weasel” rigs. 

Heavy truck-mounted drilling equipment is mounted on tandem or dual tandem trucks to 
transport the drill, derrick. winches, and pumps or compressors. The drill may be provided 
with a separate engine or may use a power take-off from the truck engine. Large augers, 
hydraulic rotary and reverse circulation rotary drilling equipment are usually mounted on such 
heavy duty trucks. For soft-ground sites, the drilling equipment is sometimes mounted on 
and off the road vehicle having low pressure, very wide diameter tires and capable of floating; 
these vehicles are called “swamp buggy” rigs. 

Marine drilling equipment is mounted on various floating equipment for drilling borings in 
lakes. estuaries and other bodies of water. The floating equipment varies, and is often 
manufactured or customized by the drilling subcontractor to suit specific drilling 
requirements. Typically, the range of flotation vehicles include: 

Barrel-float rigs - a drill rig mounted on a timber platform buoyed by empty 55-gallon 
drums or similar flotation units. 

- Barge-mounted drill rigs. 
- 

- Jack-up platforms -drilling equipment mounted on a floating platform having retractable 
legs to support the unit on the sea or lake bed when the platform is jacked up out of 
the water. 

- Drill ships - for deep ocean drilling. 

In addition to the mobility for the drilling equipment, similar consideration must be given for equipment 
to support the drilling operations. Such vehicles or floating equipment are needed to transport drill water, 
drilling supplies and equipment, samples. drilling personnel, etc. to and/or from various boring locations. 

5.2.12 Equipment Sizes 

In planning subsurface exploration programs, care must be taken in specifying the various drilling 
components, so that they will ffi property in the boring or well. 
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For drilling open boreholes using rotary drilling equipment, tri-cone drill bits are employed with air, water 
or drilling mud to remove cuttings and cool the bit. T&cone bits are sligMly smaller than the holes they 
drill (i.e., 5-7/8-inch or 7-7/84nch bits will nominally drill 6-inch and a-inch holes. respectively). 

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging 
from 2 inches to 3-l/2 inches in outside diameter. However, the most commonly used size is the 
P-inch O.D., l-3/84nch I.D. split-barrel sampler. When this sampler is used and driven by a 140-pound 
(k P-pound) hammer dropping 30 inches (* 1 inch), the procedure is called a Standard Penetration Test, 
and the blows per foot required to advance the sampler into the formation can be correlated to the 
formation’s density or strength. 

In planning the drilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples 
or diamond core drilling will be performed, refer to the various sizes and clearances provided in 
Attachment A of this guideline. Sizes selected must be stated in the project plan documents. 

5.2.13 Estimated Drilling Progress 

To estimate the anticipated rates of drilling progress for a site, the following must be considered: 

0 The speed of the drilling method employed. 

0 Applicable site conditions (e.g., terrain, mobility between borings, difficult drilling conditions 
in bouldety soils, rubble fill or broken rock, etc.). 

0 Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment, etc.). 

Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5- 
foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including installation or development 
of wells), the following daily rates of total drilling progress may be anticipated for the following drilling 
methods: 

Drilling Method 

Hollow-stem augers 

Average Daily Progress 
(linear feet) 

75’ 

Solid-stem augers 

Mud-Rotary Drilling 

50’ 

100’ (cuttings samples) 

Rotosonic Drilling 

Reverse-Circulation Rotary 

Skid-Rig with driven casing 

Rotas with driven casina 

1 OO’-160’ (continuous Core) 

100’ (cuttings samples) 

30’ 

50’ 

Cable Tool 

Hand Auaer 

30’ 

Varies 

Continuous Rock Coring I 50; I 

4 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

-I 

I 

1 
01961 l/P Brown 8 Root Environmental 



! Subject Number PW 
SOIL AND ROCK GH-1.3 17 of 26 
DRILLING METHODS Revision Efktive Date 

0 03/01/96 

5.3 Prevention of Cross-Contamination 

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated 
groundwater to lower strata below a confining layer. The telescoping technique consists of drilling to 
a confining layer utilizing a spun casing method with a diamond cutting or augering shoe (a method 
similar to the rock coring method described in Section 5.2.10, except that larger casing is used) or by 
using a driven-casing method (see Section 5.2.6 of this guideline) and installing a specified diameter steel 
well casing. The operation consists of three separate steps. Initiilly, a drilling casing (usually of a-inch 
diameter) is installed followed by installation of the weil casing (g-inch-diameter is common for P-inch 
wells). This well casing is driven into the confining layer to ensure a tight seal at the bottom of the hole. 
The well casing is sealed at the bottom with a bentonite-cement slurry. The remaining depth of the 
boring is drilled utilizing a narrower diameter spun or driven casing technique within the outer well 
casing. A smaller diameter well casing with an appropriate length of slotted screen on the tower end, 
is installed to the surface. 

Clean sand is placed in the annulus around and to a point of about 2 feet above the screen prior to 
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the 
bottom of the outer well casing is sealed with a tremied cement-bentontte slurry which is pressure- 
grouted or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean 
material and grouted at the surface, or it is grouted all the way to the surface. 

5.4 Cleanout of Casino Prior to Samplinq 

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay 
adhering to the inside walls of the casing. The cleaning must extend to the bottom edge of thecasing 
and, if possible, a short distance further (1 or 2 inches) to bypass disturbed soil resulting from the 
advancement of the casing. Loss of wash water during cleaning should be recorded. 

For disturbed samples both above and below the water table and where introduction of relatively large 
voiumes of wash water is permissible, the cleaning operation is usually performed by washing the 
material out of the casing with water: however, the cleaning should never be accomplished with a strong, 
downwarddirected jet which will disturb the underlying soil. When clean out has reached the bottom 
of the casing or slightly below (as specified above), the string of tools should be lifted one foot off the 
bottom with the water still flowing, until the wash water coming out of the casing is clear of granular soil 
particles. In formations where the cuttings contain gravel and other larger particles, it is often useful to 
repeatedly raise and lower the drill rods and wash bit while washing out the hole, to surge these large 
particles upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split- 
barrel (split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material 
below the spoon is not disturbed and the shoe of the spoon is not damaged. However, because the ball 
check valve has been removed, in some formations it may be necessary to install a flap valve or spring 
sample retainer in the split-spoon bit, to prevent the sample from falling out as the sampler is withdrawn 
from the hole. The use of jet-type chopping biis is discouraged except where large boulders and 
cobbles or hard-cemented soils are encountered. If water markedly softens the soils above the water 
table, clean out should be performed dry with an auger. 

For undisturbed samples below the water table, or where wash water must be minimized, clean out Is 
usually accomplished with an appropriate diameter clean out auger. This auger has cutting blades at 
the bottom to carry loose material up into the auger, and up-turned water jets just above the cutting 
blades to carry the removed soil to the surface. In this manner, there is a minimum of disturbance at 
the top of the material to be sampled. If any gravel material washes down into the casing and cannot 
be removed by the clean out auger, a split-barrel sample can be taken to remove it: bailers and 
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sandpumps should not be used. For undisturbed samples above the groundwater table, all operations 
must be performed in a dry manner. 

If all of the cuttings created by drilling through the overlying formations are not cleaned from the 
borehole prior to sampling, some of the problems which may be encountered during sampling include: 

* 

0 When sampling is attempted through the cuttings remaining in the borehol’e, all or part of the 
sampler may become filled with the cuttings. This limits the amount of sample from the 
underlying formation which can enter and be retained in the sampler, and also raises 
questions as to the validity of the sample. 

0 If the cuttings remaining in the borehole contain coarse gravel and/or other large particles, 
these may block the bit of the sampler and prevent any materials from the underlying 
formation from entering the sampler when the sampler is advanced. 

l In cased borings, should sampling be attempted through cuttings which remain in the lower 
portion of the casing, these cuttings could cause the sampler to become bound into the 
casing, such that it becomes very difficult to either advance or retract the sampler. 

0 When sampler blow counts are used to estimate the density or strength of the formation 
being sampled, the presence of cuttings in the borehole will usually give erroneously high 
sample blow counts. 

To confirm that all cuttings have been removed from the borehole prior to attempting sampling, it is 
important that the rig geologist measure the “stickup” of the drill string. This is accomplished by 
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are lowered 
to the bottom of the hole, below some convenient reference point of the drill string, then measuring the 
height of this reference point above the ground surface. The difference of these measurements is the 
depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be 
compared with the depth of sampling required (installed depth of casing or depth of borehole drilled). 
If the length of drill string below grade is more than the drilled or casing depth, the borehole has been 
cleaned too deeply, and this deeper depth of sampling must be recorded on the log. If the length of drill 
string below grade is less than the drilled or casing depth, the difference represents the thickness of 
cuttings which remain in the borehole. In most cases, an inch or two of cuttings may be left In the 
borehole with little or no problem. However, if more than a few inches of cuttings are encountered, the 
borehole must be recleaned prior to attempting sampling. 

5.5 Materials of Construction 

The effects of monitoring well construction materials on specific chemical analytical parameters are 
described and/or referenced in SOP GH-2.8. However, there are several materials used during drilling, 
particularly drilling fluids and lubricants, which must be used with care to avoid compromising the 
representativeness of soil and ground water samples. 

The use of synthetic or organic polymer slurries is not permitted at any location where soil samples for 
chemical analysis are to be collected. These slurry materials could be used for installation of long-term 
monitoring wells, but the early time data in time series collection of ground water data may then be 
suspect. If synthetic or organic polymer muds are proposed for use at a given stte, a COmplete written 
justification including methods and procedures for their use must be provided by the site geologist and 
approved by the Project Manager. The specific slurry composition and the concentration of suspected 
contaminants for each site must be known. 
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For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool 
connections. However, there are instances. such as drilling in tight clayey formations or in loose gravels. 
when threaded couplings must be lubricated to avoid binding. In these instances. to be determined in 
the field by the judgment of the site geologist and noted in the site logbook. and only after approval by 
the Project Manager, a vegetable oil or silicone-based lubricant should be used. Petroleum based 
greases, etc. will not be permitted. Samples of lubricants used must be provided and analyzed for 
chemical parameters appropriate to the given site. 

5.6 Subsurface Soil Samples 

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can 
indicate the potential for migration of chemical contaminants in the subsurface. In addition, definition 
of the actual migration of contaminants can be obtained through chemical analysis of the soil samples. 
Where the remedial activities may include in-situ treatment or excavation and removal of the 
contaminated soil, the depth and areal extent of contamination must be known as accurately as possible. 

Engineering and physical properties of soil may also be of interest should site construction activities be 
planned. Soil types. grain size distribution,. shear strength, compressibility, permeability, plasticity, unit 
weight, and moisture content are some of the physical characteristics that may be determined for soil 
samples. 

Penetration tests are also described in this procedure. The tests can be used to estimate various 
physical and engineering parameters such as relative density, unconfined compressive strength, and 
consolidation characteristics of soils. 

Surface protocols for various soil sampling techniques are discussed in SOP SA-1.3. Continuous-core 
soil sampling and rock coring are discussed below. The procedures described here are representative 
of a larger number of possible drilling and sampling techniques. The choice of techniques is based on 
a large number of variables such as cost. local geology, etc. The final choice of methods must be made 
with the assistance of drilling subcontractors familiar with the local geologic conditions. Alternative 
techniques must be based upon the underlying principles of quality assurance implicit in the following 
procedures. 

The CME continuous sample tube system provides a method of sampling soil continuously during hollow- 
stem augering. The B-foot sample barrel fiis within the lead auger of a hollow-auger column. The 
sampling system can be used with a wide range of I.D. hollow-stem augers (from 3-l/Cinch to 
a-l/Cinch I.D.). This method has been used to sample many different materials such as glacial drift, 
hard clays and shales, mine tailings, etc. This method is particularly used when SPT samples are not 
required and a large voiume of material is needed. Also, this method is useful when a visual description 
of the subsurface lithology is required. Rotosonic drilling methods also provide a continuous soil sample. 

5.7 Rock Samplina (Corinq) (ASTM D2113-63) 

Rock coring enables a detailed assessment of borehole conditions to be made, showing precisely ail 
lithologic changes and characteristics. Because coring is an expensive drilling method, it is commonly 
used for shallow studies of 500 feet or less, or for specific intervals in the drill hole that require detailed 
logging and/or analyzing. Rock coring can, however, proceed for thousands of feet continuously, 
depending on the size of the drill rig, and yields better quality data than air-rotary drilling, although at a 
substantially reduced drilling rate. Rate of drilling varies widely, depending on the characteristics of 
lithoiogies encountered, drilling methods, depth of drilling, and condition of drilling equipment. Average 
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output in a lo-hour day ranges from 46 to over 200 feet. Down hole geophysical logging or television 
camera monitoring is sometimes used to complement the data generated by coring. 

Borehole diameter can be drilled to various sizes, depending on the information needed. Standard sizes 
of core barrels (showing core diameter) and casing are shown in Figure 1. 

Core drilling is used when formations are too hard to be sampled by soil sampling methods and a 
continuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins 
in sound bedrock. Casing is set into bedrock before coring begins to prevent loose material from 
entering the borehole. to prevent loss of drilling fluid, and to prevent cross-contamination of aquifers. 

Drilling through bedrock is initiited by using a diamond-tipped core bit threaded to a drill rod (outer core 
barrel) with a rate of drilling determined by the downward pressure, rotation speed of drill rods, drilling 
fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, weathering). 

5.7.1 Diamond Core Drilling 

A penetration of typically less than 6 inches per 50 blows using a 14O-lb. hammer dropping 30 inches 
with a P-inch split-barrel sampler shall be considered an indication that soil sampling. methods may not 
be applicable and that coring may be necessary to obtain samples. 

When formations are encountered that are too hard to be sampled by soil sampling methods, the 
following diamond core drilling procedure may be used: 

0 Firmly seat a casing into the bedrock or the hard material to prevent loose materials from 
entering the hole and to prevent the loss of drilling fluid return. Level the surface of the rock 
or hard material when necessary by the use of a fishtail or other biis. if the drill hole can be 
retained open without the casing and if cross-contamination of aquifers in the unconsolidated 
materials is unlikely, leveling may be omitted. 

0 Begin the core drilling using a double-tube swivel-core barrel of the desired size. After drilling 
no more than 10 feet (3 m), remove the core barrel from the hole and take out the core. If 
the core blocks the flow of the drilling fluid during drilling, remove the core barrel 
immediately. In soft materials, a large starting size may be specified for the coring tools; 
where local experience indicates satisfactory core recovery or where hard, sound materials 
are anticipated, a smaller size or the single-tube type may be specified and longer runs may 
be drilled. NX/NW size coring equipment is the most commonly used size. 

0 When soft materials are encountered that produce less than 50 percent recovery, stop the 
core drilling. If soil samples are desired, secure such samples in accordance with the 
procedures described in ASTM Method D 1586 (Split-barrel Sampling) or in Method D 1587 
(Thin-Walled Tube Sampling); sample soils per SOP SA-1.3. Resume diamond core drilling 
when refusal materials are again encountered. 

0 Since rock structures and the occurrence of seams, fissures, cavities, and broken areas are 
among the most important items to be detected and described, take special care to obtain 
and record these features. If such broken zones or cavities prevent further advance of the 
boring, one of the following three steps shall be taken: (1) cement the hole; (2) ream and 
case: or (3) case and advance with the next smaller size core barrel, as conditions warrant. 
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FIGURE 1 

STANDARD SIZES OF CORE BARRELS AND CASING 

Coring Bit Size 
Nominal* Set Size* 

0-D. I I.D. 0.0. I I.D. 

RWT 1 5/32 3/4 1.166 0.735 

1 l/2 29/32 1.470 0.905 

EX. EXL, EWG, EWM 1 l/2 13/16 1.470 0.845 

AWT 1 7/8 1 9/32 1.875 1.281 

AX, AXL, AWG, AWM 1 7/8 1 3/16 1.875 1.185 

BWT 2 3/8 1 314 2.345 1.750 

BX. BXL. BWG, BWM 2 3/8 1 5/8 2.345 1.655 

NW 3 2 5/16 2.865 2.313 

NX, NXL, NWG, NWM 3 2 l/8 2.865 2.155 

HWT 3 29/32 3 3/16 3.889 3.187 

HWG 3 29/32 3 3.889 3.oocl 

2 3/4 x 3 7/8 3 7/8 2 3/4 3.846 2.690 

4 x 5 l/2 5 l/2 4 5.435 3.970 

6 x 7 314 7 3/4 6 7.655 5.970 

AX Wire line 1 / -- 
BX Wire line ) -- / 

NX Wire line 1 / m- 

1 ! 

1 7/8 1 1.875 1.000 

2 1 2.345 1.437 318 7116 

3 1 15/16 2.865 1.937 

l All dimensions are in inches: to convert to millimeters, multiply by 254. 
/ -- / Wire line dimensions and designations may vary according to manufacturer. 
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FIGURE 1 
STANDARD SIZES OF CORE BARRELS AND CASING 
PAGE TWO 

Ax i\- - - - 1.875 1.750 1.000 - 

- 6X1\- - - - 2.345 2.250 1.437 - -- 

-- NX I\- - - - 2.965 2.813 1.937 - 

019611/P Brown 81 Root EnvironmenQu 



Subject Number Prg. 
SOIL AND ROCK GH-1.3 23 of 26 
DRIWNG METHODS Revision Effeotiva Date 

0 03/01/96 

0 In soft, seamy, or otherwise unsound rock. where core recovery may be difficult, M-design 
core barrels may be used. In hard, sound rock where a high percentage of core recovery 
is anticipated, the single-tube core barrel may be employed. 

5.7.2 Rock Sample Preparation and Documentation 

Once the rock coring has been completed and the core recovered, the rock core shall be carefully 
removed from the barrel, placed in a core tray (previously labeled “top” and “bottom” to avoid confusion), 
classified, and measured for percentage of recovery as well as the rock quality designation (ROD). Each 
core shall be described, classified. and logged using a uniform system as presented in SOP GH-1.5. If 
moisture content will be determrned or if it is desirable to prevent drying (e.g., to prevent shrinkage of 
clay formations) or oxidation of the core, the core shall be wrapped in plastic sleeves immediately after 
logging. Each plastic sleeve shall be labeled with Indelible ink. The boring number, run number, and 
the footage represented in each sleeve shall be included, as well as designating the top and bottom of 
the core run. 

After sampling, rock cores shall be placed in the sequence of recovery in we&constructed wooden boxes 
provided by the drilling contractor. Rock cores from two different borings shall not be placed in the 
same core box unless accepted by the Project Geologist. The core boxes shall be constructed to 
accommodate at least 20 linear feet of core in rows of approximately 5 feet each and shall be 
constructed with hinged tops secured with screws, and a latch (usually a hook and eye) to keep the top 
securely fastened down. Wood partitions shall be placed at the end of each core run and between rows. 

The depth from the surface of the boring to the top and bottom of the drill run and run number shall be 
marked on the wooden partitions with indelible ink. A wooden partition (wooden block) shall be placed 
at the end of each run with the depth of the bottom of the run written on the block. These blocks will 
sense to separate successive core runs and indicate depth intervals for each run. The order of placing 
cores shall be the same in all core boxes. Rock core shall be placed in the box so that, when the box 
is open, with the inside of the lid facing the observer, the top of the cored interval contained within the 
box is in the upper left corner of the box, and the bottom of the cored interval is in the lower right comer 
of the box. The top and bottom of each core obtained and lts true depth shall be clearly and 
permanently marked on each box. The width of each row must be compatible with the core diameter 
to prevent lateral movement of the core in the box. Similarly, an empty space in a row shall be filled wfth 
an appropriate filler material or spacers to prevent longitudinal movement of the core in the box. 
The inside and outside of the core-box lid shall be marked by indelible ink to show all pertinent data on 
the box’s contents. At a minimum, the following information shall be included: 

Project name. 
Project number. 
Boring number. 
Run numbers. 
Footage (depths). 
Recovery. 
RQD (%). 
Box number and total number of boxes for that boring (Example: Box 5 of 7). 

For easy retrieval when core boxes are stacked, the sides and ends of the box shall also be labeled and 
include project number, boring number, top and bottom depths of core and box number. 
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Prior to final closing of the core box, a photograph of the recovered core and the labeling on the inside 
cover shall be taken. If moisture content is not critical, the core shall be wetted and wiped clean for the 
photograph. (This will help to show true colors and bedding features in the cores). 
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Drilling Component 

-lollow-stem augers 
:Ref. 7) 

rhin Wall Tube Samplers 
:Ref. 7) 

Drill Rods (Ref. 7) 

Driven External Coupled 
Extra Strong Steel* Casing 
(Ref. 8) 

ATTACHMENT A 

DRILLING EQUIPMENT SIZES 

Designation or 
Hole Size 
(Inches) 

6 l/4 5 2 l/4 

6 3/4 5 3/4 2 3/4 - 

7 l/4 6 l/4 3 l/4 

13 l/4 I 12 -- 

2 1 7/8 

2 l/2 2 3/8 

3 2 718 -- 

3 l/2 3 3/8 

4 l/2 4 318 

5 4 3/4 -- 

RW 1 3132 23/32 13132 

Ew 1 3/8 15/16 7116 
I I 

AW I 1 314 I 1 l/4 I if8 I 

BW I 2 l/8 1 3/4 I 314 I 
I 

NW 2 518 2 l/4 1 3/8 

HW 3 l/2 3 l/16 2 318 

E 1 5/16 7/8 7/16 

A 1 5/8 1 l/8 9/16 

B 1 7/8 1 l/4 518 

N 2 318 2 1 

1 Wall Thickness 1 

2 l/2 2.875 2.323 

(Inches) 

0.276 

3 I 3.5 I 2.9 I 0.300 I 

3 l/2 4.0 3.364 I 0.318 

4 4.5 3.826 0.337 

5 I 5.63 I 4.813 1 0.375 1 

6 I 6.625 I 5.761 I 0.432 

8 I 8.625 7.825 0.500 

10 10.750 9.750 0.500 

12 I 12.750 1 11.750 I 0.500 I 

l Add twice the casing wall thickness to casing O.D. to obtain the approximate O.D. of the 
external pipe couplings. 
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A7TACHMENT A 
DRILLING EQUIPMENT SIZES 
PAGE TWO 

Drilling Component 
Designation or 

Hole Size 
(Inches) 

Plush Coupled Casing RX 1 7/16 1 3/16 1 
(Ref. 7) 

3/16 

Ex 1 13/16 1 5/8 1 l/2 

Ax 2 l/4 2 1 29/32 

BX 2 7/8 2 9/16 2 3/8 

NX 3 l/2 3 3/16 3 

HX 4 l/2 4 l/8 3 15/16 

Flush Joint Casing (Ref. 7) RW 1 7/16 1 3/16 

Ew 1 13/16 1 l/2 

AW 2 l/4 1 29/32 

BW 2 7/6 2 3/8 

I NW ! 3 l/2 I 3 

I I 41/2 1 4 I I 

SW 6 5/8 6 

uw 7 5/8 7 

HQ (wireline) 1 3 25/32 1 2 l/2 I 
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1.0 PURPOSE 

The purpose of this document is to establish standard procedures and technical guidance on borehole 
and sample logging. 

2.0 SCOPE 

These procedures provide descriptions of the standard techniques for borehole and sample logging. 
These techniques shall be used for each boring logged to provide consistent descriptions of subsurface 
lithology. While experience is the only method to develop confidence and accuracy in the description 
of soil and rock, the field geologist/engineer can do a good job of classification by careful, thoughtful 
observation and by being consistent throughout the classification procedure. 

3.0 GLOSSARY 

None. 

4.0 RESPONSIBILITIES 

Site Geoloaist. Responsible for supervising all boring activities and assuring that each borehole is 
completely logged. If more than one rig is being used on site, the Site Geologist must make sure that 
each field geologist is properly trained in logging procedures. A brief review or training session may be 
necessary prior to the start up of the field program and/or upon completion of the first boring. 

5.0 PROCEDURES 

The classification of soil and rocks is one of the most important jobs of the field geologist/engineer. To 
maintain a consistent flow of information, it is imperative that the field geologist/engineer understand and 
accurately use the field classification system described in this SOP. This identification is based on visual 
examination and manual tests. 

5.1 Materials Needed 

When logging soil and rock samples, the gedogist or engineer may be equipped with the following: 

0 Rook hammer 
0 Knife 
0 Camera 
0 Dilute hydrochloric acid (HCl) 
0 Ruler (marked in tenths and hundredths of feet) 
0 Hand Lens 

5.2 Classification of Solls 

All data shall be written directly on the boring log (Figure 1) or in a field notebook if more space is 
needed. Details on tilling out the boring log are discussed in Section 5.5. 

5.21 USCS Classification 

Soils are to be classified according to the Unified Soil Classification System (USCS). This method of 
dassification is detailed in Figure 1 (Continued). 
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This method of classification identifies soil types on the basis of grain size and cohesiveness. 

Fine-grained soils, or fines, are smaller than the No. 200 sieve and are of two types: silt (M) and clay (C). 
Some classification systems define size ranges for these soil particles. but for field classification 
purposes. they are identified by their respective behaviors. Organic material (0) is a common 
component of soil but has no size range; it is recognized by its composition. The careful study of the 
USCS will aid in developing the competence and consistency necessav for the classification of soils. 

Coarse-grained soils shall be divided into rock fragments, sand, or gravel. The terms sand and gravel 
not only refer to the size of the soil particles but also to their depositional history. To insure accuracy 
in description, the tern\ rock fragments shall be used to indicate angular granular materials resulting from 
the breakup of rock. The sharp edges typically observed indicate littfe or no transport from their source 
area, and therefore the term provides addftional information in reconstructing the deposftional 
environment of the soils encountered. When the term “rock fragments” is used jt shall be followed by 
a size designation such as “(l/4 inch@-1 /2 inch@)” or “coarse-sand size” either immediately after the 
entry or in the remarks column. The USCS classification would not be affected by this variation in terms. 

5.22 Color 

Soil colors shall be described utilizing a single color descriptor preceded, when necessary, by a modifier 
to denote variations in shade or color mixtures. A soil could therefore be referred to as “gray” or “light 
gray” or “blue-gray.” Since color can be utilized in correlating unfts between sampling locations, ft is 
important for color descriptions to be consistent from one boring to another. 

Cdors must be described while the sample is still moist. Soil samples shall be broken or splft vertically 
to describe colors. Samplers tend to smear the sample surface creating color variations between the 
sample interior and exterior. 

The term “mottled” shall be used to indicate soils irregularly marked with spots of different colors. 
Mottling in soils usually indicates poor aeration and lack of good drainage. 

I 

Soil Color Charts shall not be used unless specified by the project manager. 

5.23 Relative Density and Consistency 

To classify the relative density and/or consistency of a soil, the geologist is to first identity the soil type. 
Granular soils contain predominantly sands and gravels. They are noncohesive (particles do not adhere 
well when compressed). Finer-grained soils (silts and clays) are cohesive (particles will adhere together 
when compressed). 

The den&y of noncohesive, granular soils is classified according to standard penetratioy resistances 
obtained from split-barrel sampling performed according to the methods detailed in Standard Operating 
Procedures GH-1.3 and SA-1.3. Those designations are: 
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Standard Penetration 
Designation Resistance 

(Blows per Foot) 

Very loose 0 to 4 

Loose St010 

Medium dense 11 to30 

Dense 31 to 50 

Very dense Over 50 
I 

Standard penetration resistance is the number of blows required to drive a split-barrel sampler with a 2- 
inch outside diameter 12 inches into the material using a 14O-pound hammer falling freely through 
30 inches. The sampler is driven through an la-inch sample intetval, and the number of blows is 
recorded for each 6-inch increment. The density designation of granular soils is obtained by adding the 
number of blows required to penetrate the last 12 Inches of each sample interval. It is important to note 
that if gravel or rock fragments are broken by the sampler or if rock fragments are lodged in the tip, the 
resulting blow count will be erroneously high, reflecting a higher density than actually exists. This shall 
be noted on the log and referenced to the sample number. Granular soils are given the USCS 
classifications GW, GP, GM, SW, SP, SM, GC, or SC (see Figure I). 

The consistency of cohesive soils is determined by performing field tests and identifying the consistency 
as shown in Figure 2. 

Cohesive soils are given the USCS classifications ML MH, CL CH. OL, or OH (see Figure 1). 

The consistency of cohesive soils is determined either by blow counts, a pocket penetrometer (values 
listed in the table as Unconfined Compressive Strength), or by hand by determining the resistance to 
penetration by the thumb. The pocket penetrometer and thumb determination methods are conducted 
on a selected sample of the soil. preferably the lowest 0.5 foot of the sample in the split-barrel sampler. 
The sample shall be broken in half and the thumb or penetrometer pushed into the end of the sample 
to determine the consistency. Do not determine consistency by attempting to penetrate a rock fragment. 
If the sample is decomposed rock, it is classified as a soft decomposed rock rather than a hard soil. 
Consistency shall not be determined solely by blow counts. One of the other methods shall be used in 
conjunction with it. The designations used to describe the consistency of cohesive soils are shown in 
Figure 2. 
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FIGURE 2 

CONSISTENCY FOR COHESIVE SOILS 

Standard 
Unconfined 

Penetration 
Compressive 

Consistency 
Resistance 

Strength Field Identification 

(Blows per Foot) 
(Tons/Sq. Foot by 
pocket penetration) 

Very soft 

SOft 

0 to 2 

2 to 4 

Less than 0.25 

0.25 to 0.50 

Easily penetrated several inches by fist 

Easily penetrated several inches by 
thumb 

Medium stiff 
I 

4 to 8 
I 

0.50 to 1.0 
I 

Can be penetrated several inches by 
thumb with moderate effort I stiff I 8to15 

I 
1 .o to 2.0 

I 
Readily indented by thumb but 
penetrated onlv with great effort I 

Very stiff 

Hard 

15 to 30 

Over 30 

2.0 to 4.0 

More than 4.0 

Readily indented by thumbnail 

Indented with difficulty by thumbnail 

I 

I 

I 

I 

1 

I 

-I 

I 

I 

1 

I 

I 

I 

I , 

I 
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5.2.4 Weight Percentages 

In nature, soils are comprised of particles of varying size and shape, and are combinations of the various 
grain types. The following terms are useful in the description of soil: 

Terms of identifying Proportion of the Component 

Trace 

Defining Range of 
Percentages by Weight 

0 - 10 percent 

Some 

Adjective form of the soil type (e.g., ‘sandy”) 

11 - 30 percent 

31 - 50 percent 

Examples: 

0 Silty fine sand: 50 to 69 percent fine sand, 31 to 50 percent silt. 

0 Medium to coarse sand, some silt: 70 to 80 percent medium to coarse sand, 11 to 
30 percent silt. 

0 Fine sandy silt, trace clay: 50 to 68 percent silt, 31 to 49 percent fine sand, 1 to 10 percent 
clay. 

l Clayey silt, some coarse sand: 70 to 89 percent clayey silt, 11 to 30 percent coarse sand. 

5.2.5 Moisture 

Moisture content is estimated in the field according to four categories: dry, moist, wet, and saturated. 
In dry soil, there appears to be little or no water. Saturated samples obviously have ail the water they 
can hold. Moist and wet classifications are somewhat subjective and often are determined by the 
individual’s judgment. A suggested parameter for this would be calling a soil wet if roiling it in the hand 
or on a porous surface liberates water, i.e.. dirties or muddies the surface. Whatever method is adopted 
for describing moisture, it is important that the method used by an individual remains consistent 
throughout an entire drilling job. 

Laboratory tests for water content shall be performed if the natural water content is important. 

5.2.6 Stratification 

Stratification can only be determined after the sample barrel is opened. The stratification or bedding 
thickness for soil and rock is depending on grain size and composition. The classification to be used 
for stratification description is shown in Figure 3. 

5.27 Texture/Fabric/Bedding 

The texture/fabric/bedding of the soil shall be described. Texture is described as the relative angularity 
of the particles: rounded, subrounded, subangular, and angular. Fabric shall be noted as to whether 
the particles are flat or bulky and whether there is a particular relation between particles (i.e., all the flat 
particles are parallel or there is some cementation). The bedding or structure shall also be noted (e.g., 
stratified, lensed, nonstratified, heterogeneous van&). 
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FIGURE 3 

BEDDING THICKNESS CLASSlFlCATlON 

I Thickness 
Thickness 

(metric) (Approximate English 
I 

Classification 
Eauivaient) 

> 1.0 meter > 3.3’ 

30 cm - 1 meter 1.0’ - 3.3’ 

lOcm-30cm 4’ - 1.0’ 

3cm-1Ocm 1” -4 

1 cm-3cm 2/5’ - 1’ 

3 mm - 1 cm l/8” - 2/5” 

1 mm-3mm l/32’- l/8 

c 1 mm <l/32 

I 

Massive 

Thick Bedded 

Medium Bedded 

Thin Bedded 

Very Thin Bedded 

Laminated 

Thinly Laminated 

Micro Laminated 

(Weir, 1973 and Ingram, 1954) 
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5.2.8 Summary of Soil Classification 

in summary, soils shall be classified in a similar manner by each geologist/engineer at a project site. 
The hierarchy of classification is as follows: 

l Density and/or consistency 
l Color 
l Plasticity (Optional) 
l Soil types 

l Moisture content 
l Stratification 
0 Texture, fabric, bedding 
0 Other distinguishing features 

5.3 Classification ot Rocks 

Rocks are grouped into three main divisions: sedimentary, igneous and metamorphic. Sedimentary rocks 
are by far the predominant type exposed at the earth’s surface. The following basic names are applied 
to the types of rocks found in sedimentary sequences: 

Sandstone - Made up predominantly of granular materials ranging between l/16 to 2 mm 
in diameter. 

Siltstone - Made up of granular materials less than l/16 to l/256 mm in diameter. 
Fractures irregularly. Medium thick to thick bedded. 

Claystone - Vety fine-grained rock made up of clay and silt-size materials. Fractures 
irregularly. Very smooth to touch. Generally has irregularly spaced pitting on surface of 
drilled cores. 

Shale - A fissiie very fine-grained rock. Fractures along bedding planes. 

Limestone - Rock made up predominantly of calcite (CaC0.J. Effervesces strongly upon 
the application of dilute hydrochloric acid. 

Coal - Rock consisting mainly of organic remains. 

Others - Numerous other sedimentav rock types are present in lesser amounts in the 
stratigraphic record. The local abundance of any of these rock types is dependent upon 
the depositional history of the area. Conglomerate, halite, gypsum, dolomite, anhydrite, 
lignite, etc. are some of the rock types found in lesser amounts. 

In classifying a sedimentary rock the following hierarchy shall be noted: 

0 Rock type 
l COlOf 
0 Bedding thickness 
l Hardness 
l Fracturing 
0 Weathering 
l Other characteristics 

Brown & Root Envimnmental 
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5.3.1 Rock Type 

As described above, there are numerous types of sedimentary rocks. in most cases, a rock will be a 
combination of several grain types, therefore, a modifier such as a sandy siltstone, or a silty sandstone 
can be used. The modifier indicates that a significant portion of the rock type is composed of the 
modifier. Other modifiers can include carbonaceous, caicareous, siliceous, etc. 

Grain size is the basis for the classification of ciastic sedimentary rocks. Figure 4 is the Udden- 
Wentworth classification that will be assigned to sedimentary rocks. The inciiviiual boundaries are 
slightly different than the USCS subdivision for soil classification. For field determination of grain sizes, 
a scale can be used for the coarse grained rocks. For example. the division between siltstone and 
claystone may not be measurable in the field. The boundary shall be determined by use of a hand lens. 
If the grains cannot be seen with the naked eye but are distinguishable with a hand lens. the rock is a 
siltstone. If the grains are.not distinguishable with a hand lens, the rock is a claystone. 

5.3.2 Color 

The color of a rock can be determined in a similar manner as for soil samples. Rock core samples shall 
be classified while wet, when possible, and air cored samples shall be scraped clean of cuttings prior 
to color classifications. 

Rock color charts shall not be used unless specified by the Project Manager. 

5.3.3 Bedding Thickness 

The bedding thickness designations applied to soil classification (see Figure 3) will also be used for rock 
classification. 

5.3.4 Hardness 

The hardness of a rock is a function of the compaction, cementation, and mineralogical composition of 
the rock. A relative scale for sedimentary rock hardness is as follows: 

l Soft - Weathered, considerable erosion of core, easily gouged by screwdriver, scratched 
by fingernail. Soft rock crushes or deforms under pressure of a pressed hammer. This 
term is always used for the hardness of the saproiite (decomposed rock which occupies 
the zone between the lowest soil horizon and firm bedrock). 

l Medium soft - Slight erosion of core, slightly gouged by screwdriver, or breaks with crumbly 
edges from single hammer blow. 

l Medium hard - No core erosion. easily scratched by screwdriver. or breaks with sharp 
edges from single hammer blow. 

l Hard - Requires several hammer blows to break and has sharp conchoidal breaks. Cannot 
be scratched with screwdriver. 

Note the difference in usage here of the works “scratch” and “gouge.” A scratch shall be considered a 
slight depression in the rock (do not mistake the scraping off of rock flour from drilling with a scratch 
in the rock itself), while a gouge is much deeper. 
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FIGURE 4 

GRAIN SIZE CLASSIFICATION FOR ROCKS 

I Particle Name I Grain Size Diameter I 
1 I I- 
I Cobbles I >64mm I 

Pebbles 

Granules 

Very Coarse Sand 

4-64mm 

2-4mm 

l-2mm 

Coarse Sand 

Medium Sand 

0.5 - 1 mm 

0.25 - 0.5 mm 

Fine Sand 0.125 - 0.25 mm 

Very Fine Sand 0.0625 - 0.125 mm 

Silt 0.0039 - 0.0625 mm 

After Wentworth, 1922 
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5.3.5 Fracturing 

The degree of fracturing or brokenness of a rock is described by measuring the fractures or joint 
spacing. After eliminating drilling breaks, the average spacing is calculated and the fracturing is 
described by the following terms: 

l Very broken (V. BR.) - Less than P-inch spacing between fractures . 
0 Broken (BR.) - P-inch to l-foot spacing between fractures 
0 Blocky (BL) - l- to 3-foot spacing between fractures 
0 Massive (M.) - 3 to lo-foot spacing between fractures 

The structural integrity of the rock can be approximated by calculating the Rock Quality Designation 
(RQD) of cores recovered. The RQD is determined by adding the total lengths of all pieces exceeding 
4 inches and dividing by the total length of the coring run, to obtain a percentage. 

Method of Calculating RQD 
(After Deere, 1964) 

ROD % = r/l x loo 

r = Total length of all pieces of the llthologic unit being measured, which are 
greater than 4 inches length, and have resulted from natural breaks. Natural 
breaks include slickensides. joints, compaction slicks, bedding plane partings 
(not caused by drilling), friable zones, etc. 

I X Total length of the coring run. 

5.3.6 Weathering 

The degree of weathering is a signfficant parameter that is important in determining weathering profiles 
and is also useful in engineering designs. The following terms can be applied to distinguish the degree 
of weathering: 

0 Fresh - Rock shows little or no weathering effect. Fractures or joints have little or no 
staining and rock has a bright appearance. 

0 Slight - Rock has some staining which may penetrate several centimeters into the rock. 
clay filling of joints may occur. Feldspar grains may show some alteration. 

0 Moderate - Most of the rock, with exception of quartz grains, is stained. Rock is weakened 
due to weathering and can be easily broken with hammer. 

0 Severe - All rock including quartz grains is stained. Some of the rock is weathered to the 
extent of becoming a soil. Rock is very weak. 

5.87 Other Characteristics 

The following items shall be included in the rock description: 

0 Description of contact between two rock units. These can be sharp or gradational. 
0 Stratification (parallel. cross stratified). 
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0 Description of any filled cavities or vugs. 
0 Cementation (calcareous, siliceous, hematitic). 
0 Description of any joints or open fractures. 
0 Observation of the presence of fossils. 
0 Notation of joints with depth, approximate angle to horizontal. any mineral filling or coating, 

and degree of weathering. 

All information shown on the boring logs shall be neat to the point where it can be reproduced on a copy 
machine for report presentation. The data shall be kept current to provide control of the drilling program 
and to indicate various areas requiring special consideration and sampling. 

5.3.8 Additional Terms Used in the Description of Rock 

The following terms are used to further identify rocks: 

Seam - Thin (12 inches or less), probably continuous layer. 

Some - Indicates significant (15 to 40 percent) amounts of the accessory material. For 
example, rock composed of seams of sandstone (70 percent) and shale (30 percent) would 
be “sandstone -- some shale seams.” 

Few - Indicates insignificant (0 to 15 percent) amounts of the accessory material. For 
example, rock composed of seam of sandstone (90 percent) and shale (10 percent) would 
be “sandstone -few shale seams.” 

Interbedded - Used to indicate thin or very thin alternating seams of material occurring in 
approximately equal amounts. For example, rock composed of thin alternating seams of 
sandstone (50 percent) and shale (50 percent) would be “interbedded sandstone and shale.” 

Interlayered - Used to indicate thick alternating seams of material occurring in 
approximately equal amounts. 

The preceding sections describe the classification of sedimentary rocks. The following are some basic 
names that are applied to igneous rocks: 

0 Basalt - A fine-grained extrusive rock composed primarily of calcic plagioclase and 
pyroxene. 

0 Rhyollte - A fine-grained volcanic rock containing abundant quartz and orthoclase. The fine- 
gralned equivalent of a granite. 

0 Granite - A coarse-grained plutonic rock consisting essentially of alkali feldspar and quartz. 

0 Diorfte - A coarse-grained plutonic rock consisting essentially of sodic plagioclase and 
hornblende. 

l Gabbro -A coarse-grained plutonic rock consisting of calcic plagioclase and clinopyroxene. 
Loosely used for any coarse-g&ted dark igneous rock. 
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The following are some basic names that are applied to metamorphic rocks: 

0 Slate - A very fine-grained foliated rock possessing a well developed slaty cleavage. 
Contains predominantly chlorite, mica, quartz, and sericite. 

0 Phyllite - A fine-grained foliated rock that splits into thin flaky sheets with a silky sheen on 
cleavage surface. 

0 Schist - A medium to coarse-grained foliated rock with subparallel arrangement of the 
micaceous minerals which dominate its composition. 

l Gneiss - A coarse-grained foliated rock with bands rich in granular and platy minerals. 

a Quart&e - A fine- to coarse-g&ted nonfoliated rock breaking across grains, consisting 
essentially of quartz sand with silica cement. 

5.4 Abbreviations 

Abbreviations may be used in the description of a rock or soil. However, they shall be kept at a 
minimum. Following are some of the abbreviations that may be used: 

c - Coarse Lt - 4@ Yl - YdlOW 

Med - Medium BR - Broken Or - Orange 

F - Fine BL - Blocky ss - Sandstone 

v - Very M - Massive Sh - Shale 

SI - Slight Br - Brown Ls - Lfmestone 

occ - Occasional BI - Black Fgr - Fine-grained 

Tr - Trace J 

5.5 Borino Loss and Documentation 

This section describes in more detail the procedures to be used in completing boring logs in the field. 
Information obtained from the preceding sections shall be used to complete the logs. A sample boring 
log has been provided as Figure 5. 

The field geologist/engineer shall use this example as a guide in completing each boring log. Each 
boring log shall be fully described by the geologist/engineer as the borinq is beina drilled. Every sheet 
contains space for 25 feet of log. Information regarding classification details is provided either on the 
back of the boring log or on a separate sheet, for field use. 
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FIGURE 5 
COMPLETED BORING LOG (EXAMPLE) 

ING I ,OG Page _L of _L 

PROJECT NAME: 
PROJECT NUMBER: 
DRIWNG COMPANY: 
DRILLING RIG: 

BORING NUMBER: sS/ MW I 
DATE: 3/ Bi 9(# 
GEOLOGIST: 
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5.5.1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Soil Classification 

Identify site name, boring number, job number, etc. Elevations and water level data to be 
entered when surveyed data is available. 

Enter sample number (from SPT) under appropriate column. Enter depth sample was taken 
from (1 block = 1 foot). Fractional footages, i.e., change of lithology at 13.7 feet, shall be 
lined off at the proportional location between the 13- and 14-foot marks. Enter blow counts 
(Standard Penetration Resistance) diagonally (as shown). Standard penetration resistance 
is covered in Section 5.2.3. 

Determine sample recovery/sample length as shown. Measure the total length of sample 
recovered from the split-spoon sampler, induding material in the drive shoe. Do not include 
cuttings or wash material that may be in the upper portion of the sample tube. 

Indicate any change in liihology by drawing a line at the appropriate depth. For example, 
if clayey silt was encountered from 0 to 5.5 feet and shale from 5.5 to 6.0 feet, a line shall 
be drawn at this increment. This information is helpful in the construction of cross-sections. 
As an alternative, symbols may be used to identify each change in Iithology. 

The density of granular soils is obtained by adding the number of blows for the last two 
increments. Refer to Density of Granular Soils Chart on back of log sheet. For consistency 
of cohesive soils refer also to the back of log sheet - Consistency of Cohesive Soifs. Enter 
this information under the appropriate column. Refer to Section 5.2.3. 

Enter color of the material in the appropriate column. 

Describe material using the USCS. Limit this column for sample description only. The 
predominate material is described last. If the primary soil is silt but has fines (day) - use 
clayey silt. Limit soil descriptors to the following: 

Trace: 0 - 10 percent 
Some: 11 - 30 percent 

s And/Or: 31 - 50 percent 

Also indicate under Material Classification if the material is fill or natural soils. Indicate 
roots, organic material, etc. 

Enter USCS symbol - use chart on back of boring log as a guide. if the soils fall Into one 
of two basic groups, a borderline symbol may be used with the two symbols separated by 
a slash. For example ML/CL or SM/SP. 

The following information shall be entered under the “Remarks” column and shall indude, 
but is not limited by, the following: 

- Moisture - estimate moisture content using the following terms - dry, moist, 
wet and saturated. These terms are determined by the individual. Whatever 
method is used to determine moisture, be consistent throughout the log. 

i 

Subjoot 1 Number 

BOREHOLE AND SAMPLE LOGGING Revieion 

GH-1.5 16 of 21 

Effeotivo Oat0 
1 

Ol%ll /P Brown CL. Root Environmen~...~ 



Subject Number me 
GH-1.5 19 of21 

BOREHOLE AND SAMPLE LOGGING Revision Elfective Date 

0 03/01/96 

Angularity - describe angularity of coarse grained particles using the terms 
angular, subangular. subrounded, or rounded. Refer to ASTM D 2466 or Earth 
Manual for criteria for these terms. 

Particle shape - flat, elongated, or flat and elongated. 

- Maximum particle size or dimension. 

- Water level observations. 

Reaction with HCI - none, weak, or strong. 

0 Additional comments: 

Indicate presence of mica, caving of hole, when water was encountered, 
difficulty in drilling, loss or gain of water. 

Indicate odor and Photoionization Detector (PID) or flame Ionization Detector 
(FID) reading if applicable. 

Indicate any change in lithology by drawing a line through the lithology 
change column and indicate the depth. This will help when cross-sections are 
subsequently constructed. 

At the bottom of the page indicate type of rig, drilling method, hammer size 
and drop, and any other useful information (i.e., borehole size, casing set, 
changes in drilling method). 

Vertical lines shall be drawn (as shown in Figure 5) in columns 6 to 8 from the 
bottom of each sample to the top of the next sample to indicate consistency 
of material from sample to sample, lf the material is consistent. Horizontal 
lines shall be drawn if there is a change in lithology, then vertical lines drawn 
to that point. 

Indicate screened interval of well, as needed, in the lithology column. Show 
top and bottom of screen. Other details of well construction are provided on 
the well construction forms. 

5.5.2 Rock Classification 

0 Indicate depth at which coring began by drawing a line at the appropriate depth. Indicate 
core run depths by drawing coring run lines (as shown) under the first and fourth columns 
on the log sheet. Indicate RQD, core run number, RQD percent, and core recovery under 
the appropriate columns. 

0 Indicate lfthdogy change by drawing a line at the appropriate depth as expfafned In 
Section 5.5.1. 

0 Rock hardness is entered under designated column using terms as described on the back 
of the log or as expfained earlier in this section. 
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0 Enter color as determined while the core sample is wet; if the sample is cored by air, the 
core shall be scraped clean prior to describing color. 

0 Enter rock type based on sedimentary, igneous or metamorphic. For sedimentary rocks 
use terms as described in Section 5.3. Again, be consistent in classification. Use modifiers 
and additional terms as needed. For igneous and metamorphic rock types use terms as 
described in Sections 5.3.8. 

0 Enter brokenness of rock or degree of fracturing under the appropriate column using 
symbols VBR, BR. BL or M as explained in Section 5.3.5 and as noted on the back of the 
Boring Log. 

l The following information shall be entered under the remarks column. Items shall include 
but are not limited to the following: 

Indicate depths of joints, fractures and breaks and also approximate to 
horizontal angle (such as high, low). i.e., 70” angle from horizontal, high angle. 

Indicate caicareous zones, description of any cavities or vugs. 

- indicate any loss or gain of drill water. 

- indicate drop of drill tools or change in color of drill water. 

0 Remarks at the bottom of Boring Log shall include: 

Type and size of core obtained. 

- Depth casing was set. 

- Type of rig used. 

0 As a final check the boring log shall include the following: 

B Vertical lines shall be drawn as exptained for soil classification to indicate 
consistency of bedrock material. 

e If applicable, indicate screened interval in the iithology column. Show top and 
bottom of screen. Other details of well constnrction are provided on the well 
construction forms. 

5.5.3 Classification of Soil and Rock from Orlll Cuttings 

The previous sections describe procedures for classifying soil and rock samples when cores are 
obtained. However, some drilling methods (air/mud rotary) may require classification and borehoie 
logging based on identifying drill cuttings removed from the borehole. Such cuttings provide only 
general information on subsurface lithology. Some procedures that shall be followed when logging 
cuttings are: 

0 Obtain cutting samples at approximately 5-foot intervals. sieve the cuttings (if mud rotary 
drililng) to obtain a cleaner sample, place the sample into a small sample bottle or ‘zip lock” 

01%11/P Brown & Root Environmen.- 



. 
ubject Number Pagm 

GH-1.5 21 of 21 
BOREHOLE AND SAMPLE LOGGING Rwiston Effeotd Date 

0 (x3/01 /96 

bag for future reference, and label the jar or bag (i.e. hole number, depth, date, etc.). 
Cuttings shall be closely examined to determine general iithoiogy. 

0 Note any change in color of drilling fluid or cuttings, to estimate changes in iithoiogy. 

0 Note drop or chattering of drilling tools or a change in the rate of drilling, to determine 
fracture locations or iithoiogic changes. 

0 Observe loss or gain of drilling fluids or air (ii air rotary methods are used), to identify 
potential fracture zones. 

a Record this and any other useful information onto the boring log as provided in Figure 1. 

This logging provides a general description of subsurface iithoiogy and adequate information can be 
obtained through careful observation of the drilling process. it is recommended that spilt-barrel and rock 
core sampling methods be used at selected boring locations during the field Investigation to provide 
detailed information to supplement the less detailed data generated through borings drilled using air/mud 
rotary methods. 

5.6 Review 

Upon completion of the borings logs, copies shall be made and reviewed. items to be reviewed Include: 

0 Checking for consistency of all logs. 
0 Checking for conformance to the guideline. 
0 Checking to see that ail information is entered in their respective columns and spaces. 

6.0 REFERENCES 

Unified Soil Classification System (USCS). 

ASTM D2466. 1965. 

Barth Manual, U.S. Department of the interior, 1974. 

7.0 RECORDS 

Orlginais of the boring logs shall be retained in the project files. 

01%11/P Brown h Ftoot Gwironmrntal 



Number Page 
GHB.8 

STANDARD 
1 of13 

Effective Date Revision 

OPERATING 
03/01/98 1 

Applicability 

BROWN & ROOT ENVIRONMENTAL PROCEDURES 

Nubject 
GROUNDWATER MONITORING POINT INSTALLATION 

B&R -Environmental. NE 

Prepared 

Earth Sciences Department 

J 

TABLE OF CONTENTS 

SECTION PAGE 

1.0 PURPOSE ........................................................... 2 

2.0 SCOPE ............................................................. 2 

3.0 GLOSSARY .......................................................... 2 

4.0 RESPONSlBlLlTlES .................................................... 2 

5.0 PROCEDURES ....................................................... 3 

5.1 Equipment/items Needed ............................................ 3 
5.2 Well Design ...................................................... 3 
5.2.1 Well Depth, Diameter, and Monitored interval .............................. 3 
5.2.2 Riser Pipe and Screen Materials ....................................... 5 
5.2.3 Annular Materials .................................................. 6 
5.2.4 Protective Casing .................................................. 7 
5.3 Monitoring Well installation ........................................... 7 
5.3.1 Monitoring Wells in Unconsolidated Sediments ............................. 7 
5.3.2 Confining Layer Monitoring Wells ....................................... 8 
5.3.3 Bedrock Monitoring Wells ............................................ 8 
5.3.4 Drive Points ...................................................... 8 
5.3.5 Innovative Monitoring Well installation Techniques .......................... 8 
5.4 Well Development Methods ........................................... 9 
5.4.1 Overpumping and Backwashing ....................................... 9 
5.4.2 Surging with a Surge Plunger ......................................... 9 
5.4.3 Compressed Air .................................................. 10 
5.4.4 High Velocity Jetting ............................................... 10 

6.0 REFERENCES ...................................................... 10 

7.0 RECORDS ......................................................... 10 

AlTACHMENTS 

A RELATIVE COMPATIBILITY OF RIGID WELL-CASING 
MATERIAL (PERCENT) / RELATIVE COMPATlBlLllY OF SEMI-RIGID 

12 
B 

OR ELASTOMERIC MATERIALS (PERCENT) 
COMPARlSONOFSTAlNLESSSTEELANDP~~;6k”“”””””””””” 
MONITORING WELL CONSTRUCTION ................................. 13 

01%11/P Brown 8 Root Wronmental 



Subject Number Page 
GH-2.8 2 of 13 I 

GROUNDWATER MONITORING Rwision 
POINT INSTALLATION 

Effective Date 
1 03/01/96 

1.0 PURPOSE 

This procedure provides general guidance and information pertaining to proper monitoring well design, 
installation, and development. 

2.0 SCOPE 

This procedure is applicable to the construction of permanent monitoring wells. The methods described 
herein may be modified by project-specific requirements for monitoring well construction. In addition, 
many regulatory agencies have specific regulations pertaining to monitoring well construction and 
permitting. These requirements must be determined during the project planning phases of the 
investigation. and any required permits must be obtained before field work begins. innovative monitoring 
well installation techniques, which typically are not used, will be discussed only generally in this 
procedure. 

3.0 GLOSSARY 

Monitorina Well - A well which is properly screened (if screening is necessary, e.g., open borehole), 
cased, and sealed which is capable of providing a groundwater level and groundwater sample 
representative of the zone being monitored. 

Piezometer - A pipe or tube inserted into the water bearing zone, typically open to water flow at the 
bottom and to the atmosphere at the top, and used to measure water level elevations. Piezometers may 
range in size from 1 /Binchdiameter plastic tubes to well points or monitoring wells. 

Potentiometric Surface - The surface representative of the level to which water will rise in a well cased 
to the screened aquifer. 

Well Point (Drive Point) - A screened or perforated tube (Typically l-1/4 or 2 inches in diameter) with a 
solid, conical. hardened point at one end, which is attached to a riser pipe and driven into the ground 
with a sledge hammer, drop weight, or mechanical vibrator. Well points may be used for groundwater 
injection and recovery, as piezometers (i.e., to measure water levels) or to provide groundwater samples 
for water quality data. 

4.0 RESPONSlBlLlllES 

Driller - The driller provides adequate and operable equipment, sufficient quantities of materials, and an 
experienced and efficient labor force capable of performing ail phases of proper monitoring well 
installation and construction. The driller may also be responsible for obtaining, in advance. any required 
permits for monitoring well installation and construction. 

Rio Geoloaist - The rig geologist supervises and documents well installation and construction performed 
by the driller, and insures that well construction is adequate to provide representative groundwater data 
from the monitored interval. Geotechnicai engineers, field technicians, or other suitable trained personnel 
may also serve in this capacity. 
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5.0 PROCEDURES 

5.1 Equipment/Items Needed 

Below is a list of items that may be needed when installing a monitoring well: 

0 Health and safety equipment as required by the Site Safety Officer. 

a Well drilling and installation equipment with associated materials (typically supplied by the 
driller). 

0 Hydrogeoiogic equipment (weighted engineer’s tape, water level indicator, retractable 
engineers rule, electronic calculator, clipboard, mirror and flashlight - for observing 
downhoie activities, paint and ink marker for marking monitoring wells, sample jars, well 
installation forms. and a field notebook). 

0 Drive point installations tools (sledge hammer, drop hammer, or mechanical vibrator: tripod, 
pipe wrenches, drive points, riser pipe, and end caps). 

5.2 Well Desiqn 

The objectives for each monitoring well and its intended use must be clearly defined before the 
monitoring system is designed. Within the monitoring system, different monitoring wells may serve 
different purposes and, therefore, require different types of construction. During all phases of the well 
design, attention must be given to clearly documenting the basis for design decisions, the details of well 
construction, and the materials to be used. The objectives for installing the monitoring wells may 
include: 

0 Determining groundwater flow directions and velocities. 
0 Sampling or monitoring for trace contaminants. 
0 Determining aquifer characteristics (e.g., hydraulic conductivity). 

Siting of monitoring wells shall be performed after a preliminary estimation of the groundwater flow 
direction. In most cases, groundwater flow and potential well locations can be determined through the 
review of geologic data and the site terrain. In addition, data from production wells or other monitoring 
wells in the area may be used to determine the groundwater flow direction. if these methods cannot be 
used, piezometers. which are relatively inexpensive to install, may have to be installed in a preliminary 
investigative phase to determine groundwater flow direction. 

5.21 Well Depth, Diameter, and Monitored Interval 

The well depth, diameter, and monitored interval must be tailored to the specific monitoring needs of 
each investigation. Specification of these items generally depends on the purpose of the monitoring 
system and the characteristics of the hydrogeologic system being monitored. Wells of different depth, 
diameter, and monitored interval can be employed in the same groundwater monitoring system. For 
instance, varying the monitored interval in several wells, at the same location (cluster wells) can help to 
determine the vertical gradient and the levels at which contaminants are present, Conversely, a fully 
penetrating well ls usually not used to quantify or vertically locate a contaminant plume, since 
groundwater samples collected in wells that are screened over the full thickness of the water-bearing 
zone will be representative of average conditions across the entire monitored interval. However, fully 
penetrating wells can be used to establish the existence of contamination in the water-bearing zone. The 
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well diameter desired depends upon the hydraulic characteristics of the water-bearing zone, sampling 
requirements, drilling method and cost. 

The decision concerning the monitored interval and well depth is based on the following (and possibly 
other) information: 

0 The vertical location of the contaminant source in relation to the water-bearing zone. 

0 The depth, thickness and uniformity of the water-bearing zone. 

l The anticipated depth, thickness, and characteristics (e.g., density relative to water) of the 
contaminant plume. 

-I 

I 

I 

I 

0 Fluctuation in groundwater levels (due to pumping, tidal influences, or natural 
recharge/discharge events). 

0 The presence and location of contaminants encountered during drilling. 

0 Whether the purpose of the installation is for determining existence or non-existence of 
contamination or if a particular stratigraphic zone is being investigated. 

0 The analysis of borehole geophysical logs. 

In most situations where groundwater flow lines are horizontal, depending on the purpose of the well and 
the site conditions, monitored intervals are 20 feet or less. Shorter screen lengths (1 to 2 feet) are 
usually required where flow lines are not horizontal, (i.e., if the wells are to be used for accurate 
measurement of the potentiometric head at a specific point). 

Many’factors influence the diameter of a monitoring well. The diameter of the monitoring well depends 
on the application. In determining well diameter, the following needs must be considered: 

l Adequate water volume for sampling. 
0 Drilling methodology. 
0 Type of sampling device to be used. 
0 costs. 

Standard monitoring well diameters are 2, 4, 6, or 8 inches. However, drive points are typically l-1 /4 or 
2 inches in diameter. For monitoring programs which require screened monitoring wells, either a e-inch 
or 4-inch-diameter well is preferred. Typically, well diameters greater than 4 inches are used in 
monitoring programs in which open-hole monitoring wells are required. In the smaller diameter wefts, 
the volume of stagnant water in the well is minimized, and well construction costs are reduced, however, 
the type of sampling devices that can be used are limited. In specifying well diameter, sampling 
requirements must be considered (up to a total of 4 gallons of water may be required for a single sample 
to account for full organic and inorganic analyses, and split samples). The volume of water in the 
monitoring well available for sampling is dependent on the well diameter as follows: 
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Casing Inside Standing Water Depth to 
Diameter Obtain 1 Gallon Water 

(Inch) (Feet) 

2 6.13 

4 1.53 

6 0.68 

Total Depth of Standing 
Water for 4 Gallons 

(F-t) 

25 

6 

3 

However, if a specific well recharges quickly after purging, then well diameter may not be an important 
factor regarding sample volume requirements. 

Pumping tests for determining aquifer characteristics may require larger diameter wells: however, in 
small-diameter wells in-situ permeability tests can be performed during drilling or after well installation 
is completed. 

5.2.2 Riser Pipe and Screen Materials 

Well materials are specified by diameter, type of material, and thickness of pipe. Well screens require 
an additional specification of slot size. Thickness of pipe is referred to as “schedule” for polyvinyl 
chloride (PVC) casing and is usually Schedule 40 (thinner wall) or 80 (thicker wall). Steel pipe thickness 
is often referred to as “Strength” and Standard Strength is usually adequate for monitoring well purposes. 
Wlth larger diameter pipe, the wall thickness must be greater to maintain adequate strength. The 
required thickness is also dependent on the method of installation: risers for drive points require greater 
strength than wells installed inside drilled borings. 

The selection of well screen and riser materials depends on the method of drilling, the type of subsurface 
materials the well penetrates, the type of contamination expected, and natural water quality and depth. 
Cost and the level of accuracy required are also important. The materials generally available are Teflon, 
stainless steel, PVC galvanized steel, and carbon steel. Each has advantages and limitations (see 
Attachment A of this guideline for an extensive presentation on this topic). The two most commonly used 
materials are PVC and stainless steel for wells in which screens are installed. Properties of these two 
materials are compared in Attachment 6. Stainless steel is preferred where trace metals or organic 
sampling is required: however, costs are high. Teflon materials are extremely expensive, but are 
relatively inert and provide the least opportunity for water contamination due to well materials. PVC has 
many advantages, including low cost. excellent availability, light weight, and ease of manipulation; 
however, there are also some questions about organic chemical sorption and leaching that are currently 
being researched (see Barcelona et al.. 1983). Concern about the use of PVC can be minimized if PVC 
wells are used strictly for geohydrologic measurements and not for chemical sampling. The crushing 
strength of PVC may limit the depth of installation, but Schedule 80 materials normally used for wells 
greater than 50 feet deep may overcome some of the problems associated with depth. However, the 
smaller inside diameter of Schedule 80 pipe may be an important factor when considering the size of 
bailers or pumps required for sampling or testing. Due to this problem, the minimum well pipe size 
recommended for Schedule 80 wells is 4-inch I.D. 

Screens and risers may have to be decontaminated before use because oil-based preservatives and oil 
used during thread cutting and screen manufacturing may contaminate samples. Metal pipe, may 
corrode and release metal ions or chemically react with organic constituents, but this is considered by 
some to be less of a problem than the problem associated with PVC material. Galvanized steel is not 
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recommended where samples may be collected for metal analyses, as zinc and cadmium levels in 
groundwater samples may become elevated from leaching of the zinc coating. 

Threaded, flush-joint casing is most often preferred for monitoring well applications. PVC, Teflon, and 
steel can all be obtained with threaded joints at slightly more costs. Welded-joint steel casing is also 
acceptable. Glued PVC may release organic contaminants into the well, and therefore, should not be 
used if the well is to be sampled for organic constituents. 

When the water-bearing zone is in consolidated bedrock, such as limestone or fractured granite, a weif 
screen is often not necessary (the well is simply an open hole in bedrock). Unconsolidated materials, 
such as sands, clay, and silts require a screen. A screen slot size of 0.010 or 0.020 inch is generally 
used when a screen is necessary and the screened interval is artificially packed with a fine sand. The 
slot size controls the quantity of water entering the well and prevents entry of natural materials or sand 
pack. The screen shall pass no more than 10 percent of the pack material, or in-situ aquffer material. 
The rig, geologist shall specify the combination of screen slot size and sand pack which will be 
compatible with the water-bearing zone, to maximize groundwater inflow and minimize head losses and 
movement of fines into the wells. For example, as a standard procedure, a Marie No. 1 or No. 10 to 
No. 20 U.S. Standard Sieve size filter pack is typically appropriate for a O.OPO-inch slot screen: however, 
a No. 20 to No. 40 U.S. Standard Sieve size filter pack is typically appropriate for a O.OlO-inch slot 
screen. 

5.2.3 Annular Materials 

Materials placed in the annular space between the borehole and riser pipe and screen include a sand 
pack when necessary, a bentonite seal, and cement-bentonite grout. The sand pack is usually a fine- 
to medium-grained poorly graded. silica sand and should relate to the grain size of the aquifer sediments. 
The quantity of sand placed in the annular space is dependent upon the length of the screened interval, 
but should always extend at least 1 foot above the top of the screen. At least 1 to 3 feet of bentonite 
pellets or equivalent shall be placed above the sand pack. Cement-bentonite grout (or equivaient) is then 
placed to extent from the top of the bentonlte pellets to the ground surface. 

On occasion, and with the concurrence of the involved regulatory agencies, monitoring wells may be 
packed naturally (i.e., no artificial sand pack installed), and the natural formation material is allowed to 
cdlapse around the well screen after the well is installed. This method has been used where the 
formation material itself is a relatively uniform grain size, or when artificial sand packing is not possible 
due to borehole collapse. 

Bentonite expands by absorbing water and provides a seal between the screened interval and the 
overfying portion of the annular space and formation, Cement-bentonite grout is placed on top of the 
bentonite pellets extending to the surface. The grout effectively seals the well and eliminates the 
possibility for surface infiltration reaching the screened interval. Grouting also replaces material removed 
during drilling and prevents hole collapse and subsidence around the well. A tremie pipe should be used 
to introduce grout from the bottom of the hole upward, to prevent bridging, and to provide a better seal. 
However, in shallow boreholes that don’t collapse, it may be more practical to pour the grout from the 
surface without a tremie pipe. 

Grout is a general term which has several different connotations. For all practical purposes within the 
monitoring well Installation industry, grout refers to the solidified material which is installed and occupies 
the annular space above the bentonite pellet seat. Grout, most of the time, is made up of two 
assemblages of material, (e.g., cement-bentonite). A cement-bentonite grout normally is a mixture of 
cement, bentonite, and water at a ratio of one !30-pound bag of Portland Type I cement, plus 
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3 to 5 pounds of granular or flake-type bentonite, and 6 gallons of water. A neat cement consists of one 
ninety-pound bag of Portland Type I cement and 6 gallons of water. 

In certain cases, the borehoie may be drilled to a depth greater than the anticipated well installation 
depth. For these cases, the well shall be backfilled to the desired depth with bentonite pellets or 
equivalent. A short (l- to 2-foot) section of capped riser pipe sump is sometimes installed immediately 
below the screen, as a silt reservoir, when significant post-development silting is anticipated. This will 
ensure that the entire screen surface remains unobstructed. 

5.2.4 Protective Casing 

When the well is completed and grouted to the surface, a protective steel casing is often placed over the 
top of the well. This casing generally has a hinged cap and can be locked to prevent vandalism. A vent 
hole shall be provided in the cap to allow venting of gases and maintain atmospheric pressure as water 
levels rise or fall in the well. The protective casing has a larger diameter than the well and is set into the 
wet cement grout over the well upon completion. In addition, one hole is drilled just above the cement 
collar through the protective casing which acts as a weep hole for the flow of water which may enter the 
annuius during well development, purging, or sampling. 

A protective casing which is level with the ground surface is used in roadway or parking lot applications 
where the top of a monitoring well must be below the pavement. The top of the riser pipe is placed 4 to 
5 inches below the pavement, and a locking protective casing is cemented in place to 3 inches below 
the pavement. A large diameter protective sleeve is set into the wet cement around the well with the top 
set level with the pavement. A manhole-type lid placed over the protective sleeve. The cement should 
be slightly mounded to direct pooled water away from the well head. 

Monitorins Well h3tallation 

Pertinent data regarding monitoring well installation shall be recorded on log sheets as depicted and 
discussed in SOP SA-6.3. Attachments to this referenced SOP illustrate terms and physical construction 
of various types of monitoring wells. 

5.3.1 Monitoring Wells in Unconsolidated Sediments 

After the borehde is drilled to the desired depth, well installation can begin. The procedure for well 
installation will partially be dictated by the stability of the formation in which the well Is being placed. If 
the borehoie collapses immediately after the drilling tools are withdrawn, then a temporary casing must 
be installed and well installation will proceed through the center of the temporary casing, and continue 
as the temporary casing is withdrawn from the borehole. In the case of hollow-stem auger drilling, the 
augers will act to stabilize the borehole during well installation. 

Before the screen and riser pipe are lowered into the borehole, all pipe and screen sections should be 
measured wlth an engineers rule to ensure proper placement. When measuring sections, the threads 
on one end of the pipe or screen must be exduded white measuring, since the pipe and screen sections 
are screwed flush together. 

After the screen and riser pipe are lowered through the temporary casing, the sand pack can be installed. 
A weighted tape measure must be used during the installation procedure to carefully monitor installation 
progress. The sand is poured into the annulus between the riser pipe and temporary casing, as the 
casing is withdrawn. Sand should always be kept within the temporary casing during withdrawal in order 
to ensure an adequate sand pack. However, if too much sand is within the temporary casing (greater 
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than 1 foot above the bottom of the casing) bridging between the temporary casing and riser pipe may 
occur. 

After the sand pack is installed to the desired depth (at least 1 foot above the top of the screen), then 
the bentonite pellet seal (or equivalent). can be installed in the same manner as the sand pack. At least 
1 to 3 feet of bentonite pellets should be installed above the sand pack. 

The cement-bentonite grout is then mixed and either poured or tremied into the annulus as the temporary 
casing or augers are withdrawn. Finally, the protective casing can be installed as detailed in 
Section 5.2.4. 

In stable formations where borehoie collapse does not occur, the well can be installed as discussed 
above, and the use of a temporary casing is not needed. However, centralizers may have to be installed, 
one above and one below the screen, to assure enough annular space for sand pack placement. 

5.3.2 Confining Layer Monitoring Wells 

When drilling and installing a well in a confined aquifer, proper well installation techniques must be 
applied to avoid cross contamination between the unconfined and confined aquifer. Under most 
conditions, this can be accomplished by installing double-cased wells. This is accomplished by drilling 
a large-diameter boring through the upper aquifer, 1 to 3 feet into the underiying confining layer, and 
setting and pressure grouting or tremie grouting the outer casing into the confining layer. The grout 
material must fill the space between the native material and the outer casing. A smaller diameter boring 
is then continued through the confining layer for installation of the monitoring well as detailed for 
overburden monitoring wells (with the exception of not using a temporary casing during installation). 
Sufficient time (determined by the rig geologist), must be allowed for setting of the grout prior to drilling 
through the confined layer. 

5.3.3 Bedrock Monitoring Wells 

When installing bedrock monitoring wells, a large diameter boring is drilled through the overburden and 
approximately 5 feet into the bedrock. A casing (typically steel) is installed and either pressure grouted 
or tremie grouted in place. After the grout has cured, a smaller diameter boring is continued through 
the bedrock to the desired depth. If the boring does not collapse, the well can be left open, and a 
screen is not necessary. If the boring collapses, then a screen is required and can be installed as 
detailed for overburden monitoring wells. However, if a screen is to be used, then the casing which is 
installed through the overburden and into the bedrock does not require grouting and can be installed 
temporary until final well installation is completed. 

53.4 Drive Points 

Drive points can be installed with either a sledge hammer, drop hammer, or a mechanical vibrator. The 
screen is threaded and tightened onto the riser pipe with pipe wrenches. The drive point is simply 
pounded into the subsurface to the desired depth. If a heavy drop hammer is used, then a tripod and 
pulley setup is required to lift the hammer. Drive points typically cannot be driven to depths exceeding 
10 feet. 

5.3.5 Innovative Monitoring Well Installation Techniques 

Certain innovative sampling devices have proven advantageous. These devices are essentially screened 
samplers installed in a borehoie with only one or two smalldiameter tubes extending to the surface. 
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Manufacturers of these types of samplers claim that four samplers can be installed in a 3-inchdiameter 
borehole. This reduces drilling costs, decreases the volume of stagnant water, and provides a sampling 
system that minimizes cross-contamination from sampling equipment. These samplers also perform well 
when the water table is within 25 feet of the surface (the typical range of SUCtiOn pUmpS). Two 
manufacturers of these samplers are Timco Manufacturing Company, Inc., of Prairie du Sac, Wisconsin, 
and BARCAD Systems, inc., of Concord. Massachusetts. Each manufacturer offers various construction 
materials. 

Two additional types of multilevel sampling systems have been developed. Both employ individual 
screened openings through a smalldiameter casing. One of these systems (marketed by Westbay 
Instruments Ltd. of Vancouver, British Columbia, Canada) uses a screened port and a sampling probe 
to obtain samples and head measurements or perform permeability tests. This SyStwn allows sampling 
ports at intervals as close as 5 feet, if desired, in boreholes from 3 to 4.8 inches in diameter. 

The second system, developed at the University of Waterloo at Waterloo, Ontario, Canada, requires field 
assembly of the individual sampling ports and tubes that actuate a simple piston pump and force the 
samples to the surface. Where the depth to ground water is less than 25 feet, the piston pumps are not 
required. The assembly is made of easily obtained materials; however, the cost of labor to assemble 
these monitoring systems may not be cost-effective. 

5.4 Well Development Methods 

The purpose of well development is to stabilize and increase the permeability of the gravel pack around 
the well screen, and to restore the permeability of the formation which may have been reduced by drilling 
operations. Wells are typically developed until all fine material and drilling water is removed from the 
well. Sequential measurements of pH, conductivii and temperature taken during development may yield 
information (stabilbed values) that sufficient development is reached. The selection of the well 
development method shall be made by the rig geologist and is based on the drilling methods, well 
construction and installation details, and the characteristics of the formation that the well is screened in. 
The primary methods of well development are summarized below. A more detailed discussion may be 
found in Driscoil (1986). 

5.4.1 Overpumping and Backwashing 

Wells may be developed by alternatively drawing the water level down at a high rate (by pumping or 
bailing) and then reversing the flow direction (backwashing) so that water is passing from the well into 
the formation. This back and forth movement of water through the well screen and gravel pack servBs 
to remove fines from the formation immediately adjacent to the well, while preventing bridging (wedging) 
of sand grains. Backwashing can be accomplished by several methods, including pouring water Into the 
well and then bailing, starting and stopping a pump intermittently to change water levels, or forcing water 
Into the well under pressure through a water-tight fitting Crawhiding’). Care should be taken when 
backwashing not to apply too much pressure, which could damage or destroy the well screen. 

5.4.2 Surging with a Surge Plunger 

A surge plunger (also called a surge block) is approximately the same diameter as the well casing and 
is used to agitate the water, causing it to move in and out of the screens. This movement of water pulls 
fine materials into the well, where they may be removed by any of several methods, and prevents 
bridging of sand particles in the gravel pack. There are two basic types of surge plungers: solid and 
valved surge plungers. In formations with low yields, a valved surge plunger may be preferred, as solid 
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plungers tend to force water out of the well at a greater rate than it will flow back in. Valved plungers 
are designed to produce a greater inflow than outflow of water during surging. 

5.4.3 Compressed Air 

Compressed air can be used to develop a well by either of two methods: backwashing or surging. 
Backwashing is done by forcing water out through the screens, using increasing air pressure inside a 
sealed well, then releasing the pressurized air to allow the water to flow back into the well. Care should 
be taken when using this method so that the water level does not drop below the top of the screen, thus 
reducing well yield. Surging, or the “open well” method, consists of alternately releasing large volumes 
of air suddenly into an open well below the water level to produce a strong surge by virtue of the 
resistance of water head, friction, and inertia. Pumping of the well is subsequently done using the air 
lift method. 

5.4.4 High Velocity Jetting 

In the high velocity jetting method, water is forced at high velocities from a plunger-type device and 
through the well screen to loosen fine particles from the sand pack and surrounding formation. The 
jetting tool is slowly rotated and raised and lowered along the length of the well screen to develop the 
entire screened area. Jetting using a hose lowered into the well may also be effective. The fines washed 
into the screen during this process can then be bailed or pumped from the well. 

6.0 REFERENCES 

Scalf, M. R., J. F. McNabb. W. J. Duniap, R. L Cosby, and J. Fryberger, 1981. Manual of Groundwater 
Samplinq Procedures. R. S. Kerr Environmental Research Laboratory, Office of Research and 
Development, U.S. EPA, Ada, Oklahoma. 

Barcelona, M. J., P. P. Gibb and R. A. Miller, 1983. A Guide to the selection of Materials for Monitorinq 
Well Construction and Groundwater Samoiing, ISWS Contract Report 327, Illinois State Water Survey, 
Champaign, Illinois. 

U.S. EPA, 1980. Procedures Manual for Groundwater Monitorinq of Solid Waste Dls~osal Facilities. 
Publication SW41 1, Office of Solid Waste, U.S. EPA, Washington, D.C. 

Driscoil, Fletcher G., 1986. Groundwater and Wells. Johnson Division, St. Paul, Minnesota, 1989. 

7.0 RECORDS 

A critical part of monitoring well Installation is recording of significant details and events in the site 
logbook or field notebook. The geologist must record the exact depths of significant hydrogeological 
features screen placement, gravel pack placement, and bentonite placement. 

A Monitoring Well Sheet (see Attachments to SOP SA6.3) shall be completed thus ensuring the uniform 
recording of data for each installation and rapid identification of missing information. Well depth, length, 
materials of construction, length and openings of screen, length and type of riser, and depth and type 
of all backfill materials shall be recorded. Additional information shall include location, installation date, 
problems encountered, water levels before and after well Installation. cross-reference to the gedogic 
boring log, and methods used during the installation and development process. Documentation is very 
important to prevent problems involving questionable sample validity. Somewhat different information 
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will need to be recorded.depending on whether the well is completed in overburden, in a confined layer, 
in bedrock with a cased well, or as an open hole in bedrock. 

The quantities of sand, bentonite, and grout placed in the well are also important. The geologist shall 
calculate the annular space volume and have a general idea of the quantity of material needed to fill the 
annular space. Volumes of backfill significantly higher than the calculated volume may indicate a 
problem such as a large cavity, while a smaller backfill volume may indicate a cave-in. Any problems 
with rig operation or down-time shall be recorded and may affect the driller’s final fee. 
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Subject 1 Number 

GROUNDWATER MONITORING 
POINT INSTALLATION 

I Paos 
I - 12 of 13 
I 

I Effective Date Revision 

I 1 I 03/01/96 

AllACHMENT A 

RELATIVE COMPATl6Ul-Y OF RIGID WELL CASING MATERIAL (PERCENT) 

Preliminary Rankinq of Riqid Materials: 

1 Teflon’ 5 Lo-Carbon Steel 
2 Stainless Steel 316 6 Galvanized Steel 
3. Stainless Steel 304 7 Carbon Steel 
4 PVC 1 

l Trademark of DuPont 

RElATlVE COMPATlBlLlTY OF SEMI-RIGID OR ELASTOMERIC MATERIALS (PERCENT) 

Potentially- 
Type of Casing Material 

Deteriorating 
Substance 

PVC pp PE PE 
Flexible Conv. Linear 

PMM Viton’* Silicone Neoprene Teflon’* 

Buffered Weak Acid 97 97 100 97 96 92 87 85 100 

Weak Acid 92 90 94 96 78 78 75 75 100 

Mineral Acid/ 
High Solids Content 100 100 100 100 95 100 78 82 100 

Aqueous/Organic 
Mixtures 62 71 40 60 49 78 49 44 100 

Percent Overall 
Rating 88 90 84 88 78 87 72 72 100 

1 

Preliminarv Rankinq of Semi-Riqid or Elastomeric Materials: 

1 Teflon” 
2 Polypropylene (PP) 
3. PVC flexible/PE Linear 
4 Vlton’ 

5 PE Conventional 
6 Plexiglas/Lucite (PMM) 
7 Silicone/Neoprene 

l Trademark of DuPont 

Source: Barcelona et al., 1983 
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Subject Number 
GH-2.8 13 of 13 

GROUNDWATER MONITORING Revision Effeotivr Date 
POINT INSTALLATION 1 03/01/96 

ATTACHMENT B 

COMPARISON OF STAINLESS STEEL AND PVC FOR MONITORING WELL CONSTRUCTfON 

Characteristic 

Strength 

Weight 

cost 

Corrosivii 

Ease of Use 

Preparation for 
Use 

Interaction with 
Contaminants* 

Stainless Steel PVC 

Use in deep wells to prevent Use when shear and compressive 
compression and closing of strength are not critical. 
screen/riser. 

Relatively heavier. tight-weigM; floats in water. 

Relatively expensive. Relatively inexpensive. 

Deteriorates more rapidly in corrosive Non-corrosive - may deteriorate in 
water. presence of ketones, aromatics, alkyf 

sulfides, or some chlorinated 
hydrocarbons. 

Dffffcult to adjust size or length in the Easy to handle and work with In the 
Reid. ffeld. 

Should be steam cleaned organics will Never use glue fittings - pipes should 
be subsequently sampled. be threaded or pressure fitted. 

Should be steam cleaned when used 
for monitoring wells. 

May sorb organic or inorganic May sorb or release organic 
substances when oxidized. substances. 

l See also Attachment A. 
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I .O INTRODUCTION 

This Health and Safety Plan (HASP) has been specifically written for Naval Weapons Industrial Reserve 

Plant (NWIRP), Bethpage, New York. This HASP provides the minimum health and safety practices required 

for CF Braun Engineering Corporation and subcontractor personnel involved in the pre-pilot site 

characterization and Pilot-scale Remediation System installation. The latest available information regarding 

known or suspected chemical contaminants and potential physical hazards is included in this document. 

This plan must be used in conjunction with the Brown & Root Environmental Health and Safety Guidance 

Manual which contains detailed information on the policies and procedures listed within this HASP. This plan 

may be modified as new information becomes available. Requests for modifications to this plan will be 

directed to the SSO who will in turn, determine and make the necessary changes. The SSO will notify the 

Project Manager (PM) who will notify all affected personnel of all changes. A Site Safety Follow Up Report 

will document all changes to this plan. This HASP has been written and is intended to be in compliance with 

the requirements established by OSHA 29 CFR 1910.120 “Hazardous Waste Operations and Emergency 

Response” (HAZWOPER) and applicable sections of 29 CFR 1926 “Safety and Health Regulations For 

Construction.” The information contained in this plan and policies on conducting on site operations were 

obtained from the Brown & Root Environmental Health and Safety Program and Bethpage NWRP policies 

and procedures. 

1.1 KEY PROJECT PERSONNEL AND ORGANIZATION 

This section defines responsibility for site safety and health for CF Braun Engineering Corporation and 

subcontractor employees engaged in on site activities. Personnel assigned to these positions will exercise 

the primary responsibility for all on site health and safety. These persons will be the primary point of contact 

for any questions regarding the safety and health procedures and the selected control measures. 

. The CF Braun Engineering Corporation Project Manager (PM) is responsible for the overall 

direction and implementation of health and safety for this project. 

. The CF Braun Engineering Corporation Field Operations Leader (FOL) is responsible for 

implementation of this HASP with the assistance of an appointed Site Safety Officer (SSO). 

The FOL duties may include: 

Managing field activities. 

Execution of the work plan. 
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Enforcement safety procedures, as applicable to the work plan. 

Implementation of activities deemed necessary by the SSO. 

The SSO supports site activities by advising the FOL on all aspects of health and safety on 

site. These duties may include: 

Coordinates all health and safety activities with the FOL 

Selects, applies, inspects, and maintains personal protective equipment 

Establishes work zones and control points 

Implements air monitoring program for onsite activities 

Verifies training and medical of onsite personnel status in relation to site activities 

Implements hazard communication and respiratory protection programs 

Coordinates emergency services. 

Compliance to these requirements is monitored by the SSO and coordinated through the 

CLEAN HSM. 

l-2 CT0 215 



1.2 SITE INFORMATION AND PERSONNEL ASSIGNMENTS 

Site Name: NWlRP Bethoage Client Contact: Al Taormina (ROICC) 

Address: Nassau Counti. New Yo* Phone Number: f516l525-7171 

Effective Date: mar-v 1997 Alternate Contact: None identified 

Purpose of Site Visit: This activity will be divided into a multi-task operation including pm-pilot site 
characterization and the installation of a pilot scale Air Sparging / Vapor Extraction 
(ASVE) Remedial System to be operated for 3 month period. Detail information 
concerning these tasks may be found in the scope of work. 

Proposed Dates of Work: Sorina 1997 

CF Braun Engineering Corporation Personnel: Discipline/Tasks Assigned: 

David D. Bravack, P.E. 1 Project Manager (PM) 

Matthew M. Soltis, CIH, CSP I CLEAN Health and Safety Manager (HSM) 

TBD 

TBD 

Donald J. Westerhoff, CSP 

Field Operations Leader (FOL) 

Field Engineers 

Project Health and Safety Officer/Site Safety 
Officer (SSO) 

Non-CF Braun Engineering Corporation Personnel: AffiliationlDisciplineKasks Assigned: 

TBD TBD 

TBD TBD 

Prepared by: QQD&/ J. Westerhoff. CSP 

Reviewed and Approved by: 

David D. Brayack, P.E. Matthew M. Soltis CIH, CSP 
Project Manager CLEAN Health 8 Safety Manager 
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2.0 EMERGENCY ACTION PUN 

2.1 INTRODUCTION 

In the event of onsite emergencies, site personnel will be evacuated to a safe place of refuge. The 

appropriate emergency response agencies will be notified. The emergency response agencies listed in this 

plan are capable of providing the most effective response. These agencies are located within a reasonable 

distance from the area of operations. This ensures adequate emergency response time. CF Braun 

Engineering Corporation and subcontractor personnel will not provide emergency response support This is 

due to the types of emergencies most likely to be encountered during performance of this work, and 

limitations of the field crew concerning the types of equipment necessary to support this type of operation. 

This emergency action plan conforms to the requirements of OSHA Standard 29 CFR 1910.38(a), as defined 

in OSHA 29 CFR 1910.120(1)(1)(ii). 

2.2 PRE-EMERGENCY PLANNING 

Pm-emergency planning activities associated with this project include the following: 

. The SSO and/or the FOL are responsible for coordinating with Bethpage NWiRP 

Emergency Services personnel to ensure that CF Braun Engineering Corporation 

emergency action activities are compatible with existing facility emergency response 

procedures. 

. The CF Braun Engineering Corporation FOL will be responsible for establishing and 

maintaining information at the project staging area (support zone) for easy access in the 

event of an emergency. This information will include the following: 

Chemical inventory (used on site), with Material Safety Data Sheets. 

On-site personnel medical records (medical data sheets). 

s A bgbook identifying personnel on site, and activities which are being 

conducted each day. 

. The FOL and the SSO will periodically evaluate ongoing operation in an effort to identify 

andlor minimize potential hazards and foreseeable emergencies. This aotivity will be 
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documented within the logbook. Preliminary evaluations of the planned activities indicate 

that the only foreseeable emergencies in this case is the potential for injury or illness. 

. Identifying a chain of command for emergency action. For on site activities at NWIRP the 

FOL will serve as the primary point of contact for CF Braun Engineering Corporation and 

subcontractor personnel. The FOL will be supported in this effort by the SSO who will serve 

as an alternate. 

2.3 EMERGENCY RECOGNiTiON AND PREVENTiON 

2.3.i RecognitiQn 

Generally, potential emergency situations are recognizable by visual observation. An injury or illness will be 

considered an emergency, if it requires treatment other than self administered first-aid (i.e. requires treatment 

by a medical professional). 

2.3.2 Prevention 

CF Braun Engineering Corporation will attempt to minimize or prevent emergencies by ensuring compliance 

with this site-specific HASP, and regular monitoring of the work areas and field crews. 

PA SAFE DISTANCES AND PLACES OF REFUGE 

in the event that the site must be evacuated, all personnel will immediately stop activities and report to the 

telephone communications point for that area (office area). Upon reporting to the refuge location, personnel 

will remain there until directed otherwise by the CF Braun Engineering Corporation FOL. The FOL or the 

SSO will take a head count at this location, using the logbook, to confirm the location of all site personnel. 

2.5 EVACUATION ROUTES AND PROCEDURES 

An evacuation will be initiated whenever; a fire or explosion occurs, readings on monitoring instrumentation 

indicate levels of contamination greater than instituted action levels, or personnel show signs or symptoms of 

overexposure to potential site contaminants. In the event of an evacuation, personnel will proceed 

immediately to the support zone (office area), unless doing so would further jeopardize the welfare of 

workers. Should access to the primary assembly point be denied, personnel will proceed to an alternate 

location until instructed otherwise by the CF Braun Engineering Corporation FOL. Alternate locations will be 
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selected by the FOL or the SSO and communicated to the field crews, prior to the initiation of any work 

relative to the area of operation for that day. These locations for that day will be documented in the logbook 

for each area of operation. 

Emergency alerting and evacuation procedures will be drilled at a time selected by the FOL and SSO to 

determine its effectiveness. 

2.6 DECONTAMINATION PROCEDURES/EMERGENCY MEDICAL TREATMENT 

Decontamination procedures will be performed only if doing so does not further jeopardize the welfare of site 

workers. Decontamination will not be performed, if the action which initiates an evacuation would further 

endanger the lives of workers, if workers were to perform decontamination procedures. However, it is 

unlikely that such an event could occur at this site that would require workers to evacuate the site without first 

performing decontamination procedures. 

2.7 EMERGENCY ALERTiNG AND ACTiONlRESPONSE PROCEDURES 

Since CF Braun Engineering Corporation personnel will be working in close proximity to each other, hand 

signals and voice commands, and 2-way radio will be sufficient to alert site personnel of an emergency. 

If an accident occurs on Base, the following procedures are to be initiated: 

Call 6763895 (Guard Headquarters) and report the emergency. All personnel initiating 

emergency notification procedures shall provide the following information 

. Give the emergency operator 

Your name; 

The location of the emergency; 

- Brief description of what has occurred; 

- The number of personnel involved; 

s The types of injuries, or assistance needed. 

. Follow the instructions given by the operator. Emergency services will be not&d by the 

guards, who will in turn, direct them to your location upon their arrival. 
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Ail emergency notification shall be directed through the Guard Headquarters. Failure to do so may result in 

the emergency services arriving at the gate being denied access. 

2.8 PPE AND EMERGENCY EQUIPMENT 

A first-aid kit, fire extinguishers (strategically placed), portable eyewash, and fire blanket will be maintained on 

site and immediately available for use in the event of an emergency. 

2.9 EMERGENCY CONTACTS 

Prior to performing work at any of the sites, all personnel will be thoroughly briefed on the emergency 

procedures to be followed in the event of an accident. A phone shall be available on site at the office area 

within Plant 03. The numerical designation beside the reference designation establishes the notification 

sequence. 

EMERGENCYREFERENCE 

Bethpage NWiRP - Nassau County, New York 

AGENCY I TELEPHONE 

EMERGENCY: 

Ambulance 
Police 
Fire Department 

David 0. Brayack, PE 
Project Manager 

Al Taormina, NWIRP Base Contact 

Donald J. Westerhoff, CSP 
Project HSOlSSO 

Matthew M. Soltis, CIH, CSP 
CLEAN Health 8 Safety Manager (HSM) 

Syossett Hospital 

5753895 

Guard 
Headquarters 

(412) 921-8916 

(516) 5252121 

(412) 921-7281 

(412) 921-8912 

575-3895 Guard 
Headquarters 

National Response Center (800) 4248802 

FOL: Post emergency numbers at the telephone communications 
locations. 
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2.10 EMERGENCY ROUTE TO HOSPITAL 

The Guard Headquarters will make all arrangements for transportation in the event of a medical emergency. 

The Guard Headquaters will be contacted as per instruction provided in Section 2.7, Emergency Alerting and 

Action Response Procedures. 
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The NWIRP is a government-owned contractor-operated (GOCO) facility. The NWIRP is situated on 

approximately 108 acres in Nassau County in the Hamlet of Bethpage, Town of Oyster Bay, New York. The 

NWRP is bordered on the north, west, and south by a Grumman Corporationowned facility which wvers 

approximately 605 acres. There is also a residential neighborhood which borders the NWRP to the east. An 

Occidental ChemicaVRUCO Polymer Corporation facility (HookerIRUCO) which is a Federal Superfund site 

is located adjacent to the western boundary of the Grumman facility. 

The NWRP was divided into three sites for the purpose of conducting Remedial investigations. These three 

sites encompass most of the 108 acres. Activities planned for Phase II Remedial Design and Pilot-scale 

Remediation System installation will be confined to Site 1. A brief description of Site 1 is presented below. 

. Site 1 - Former Drum Marshalina Area. This site is located in the middle third of the NWIRP 

facility and east of Plant 3. It consists of two concrete drum storage pads (no longer active) 

and an abandoned cesspool leach field. No drums are anticipated to be present in the 

areas of proposed site activities. The Former Drum Marshaling Area has been used as a 

storage area for various types of equipment and heavy materials, including transformers. 
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4.0 SCOPE OF WORK 

This CF Braun Engineering Corporation project is a multi-task operation including a pre-oharacterization of 

Site 1 to verify the extent of contamination, soil properties, and types and quantities of contamination at 

Site 1 to provide adequate information for the location of the pilot-scale system and for the design of the 

full-scale remediation system. This investigation will be performed prior to installation of the pilot system to 

verify that the location of the pilot system is within an area of contamination. Soil borings will be installed to 

the water table at the locations identified in Figure 4-l. Additional soil borings will be drilled at the end of the 

2 month operation period of the pilot remediation system to determine any impact on the contaminant plume. 

Soil samples will be collected from each boring. One sample will be collected from the top, one from the 

middle, and one from the bottom portion of each boring. in addition, split-spoon samples will be wllected at 

5-foot intervals during installation of the boring for purposes of determining lithoiogy. 

The installation of the Air SpargingNapor Extraction (ASVE) remedial systems within predetermined 

locations at Site 1 are pending the initial characterization. This operation will include the following items: 

. installation of recovery and injection wells. 

. installation of a complete ASVE Remedial System including blowers, piping, extraction 

nests, separators, valves, gages, etc. 

. ASVE Pilot Test, and the operation of the ASVE system for a 3 month period. 

. Multi media sampling including air, water (ground and surface), soils, decontamination, and 

purge waters. Personal samples will be collected on personnel representing at-risk job 

classifications during this action. 

The above listing is only a summary of the identified tasks as they apply to the scope and application of this 

HASP. For a more detailed description of the associated tasks see the Sampling and Analyses Plan (SAP) 

(Haliiburton NUS, April 1995) and the Pilot-scale Work Plan (forth coming). 

Other tasks will ocour under this contract order, however, they do not apply to the scope and application of 

this HASP and will not be addressed in this plan. 
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5.0 TASKS/HAZARDS/ASSOCIATED CONTROL MEASURES SUMMARIZATION 

The following table identifies the tasks to be performed as stated in Section 4.0, “Scope of Work”. Based on 

these tasks, the anticipated hazards, recommended control measures, air monitoring recommendations, 

recommended PPE. and decontamination measures that were selected are identified. Should the scope, or 

other conditions change, this table and control measures will require modification. 

Accompanying this site-specific HASP is the Health and Safety Guidance Manual. This manual is designed 

to further explain supporting elements for any site-specific operations as required by 29 CFR 1910.120. 
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Mobilization 
Demobilization 

Haintenancel 
3peration of the ASVE 
system 

Physical hazards including 

1) Lifting (muscle strains and 
pulls) 
2) Pinches and compressions 
3) Slip, trips, and falls 
4) Moving machinety 
5) Biological hazards 
(Insect/animal bites and stings) 
6) Vehicular and foot traffic 
7) Ambient temperature 
extremes (particularly cold 
stress concerns) 

These hazards may also be 
associated with the other 
operations identified in this 
HASP however they will not be 
repeated. 

Chemical hazards 
1) Air, particulate, and 
water borne contaminants - 
primarily chlorinated 
hydrocarbons and 
hydrocarbons. Metals and PCBs 
are also associated with the site 
and are present in surface and 
subsurface soils. 

2) Physical hazards - Energized 
Systems 

TASKS/HAZARDS/CONTROL MEASURES COMPENDIUM 
BETHPAGE NWIRP ASVE REMEDIATION PROJECT 

1) Employ machinery or multiple personnel for heavy lifts. Use 
proper lifting techniques. 

2) Use tools or other equipment to keep hands out of moving 
machine areas. 

3) Preview work locations for unstable/uneven terrain. 

4) All equipment to be employed will be 
- Inspected in accordance with OSHA, and manufacturers 
design. 
- Operated by Certified operators, and knowledgeable ground 
crew, as applicable. 
- Establish safe zones of approach (i.e. Boom + 3 feet). 
- Secure all loose articles to avoid possible entanglement. 

5) Avoid nesting areas, employ repellents (Do NOT use 
repellents during sampling activities). Report potential hazards 
to the SSO. Frequently inspect clothing and persons during and 
after activities in wooded areas. 

6) Identify all access/egress routes and locations, hours of 
clearance, and base contacts, in addition to the badge clearance 
and associated requirements for base clearance. 

7) Wear appropriate clothing for weather conditions. Institute 
work/rest regimens in accordance with ACGIH guidelines. 
Provide acceptable shelter and liquids for field crews. Additional 
information regarding cold/heat stress concerns is provided in 
module 4 of the Brown & Root Environmental Health and Safety 
Guidance Manual. 

1) Use real-time monitoring instruments, action levels, personal 
sampling, and identified PPE to control potential exposures. 

2) Utilize accepted energy control measures as defined in 
OSHA 29 CFR 1910.147 to control potential energy sources 
during maintenance. 

NOTE: Process review in accordance with protocol established 
in OSHA 29 CPR 1910.119 process safety management is 
recommended. Although the contaminants of question are not 
identified as applicable to this standard, this action will aid in 
minimizing potential hazards and releases through systems 
failure, fire, or explosion. 

4ir monitoring activities will not be required for this task since contact 
Nith potentially contaminated media should be minimal. However, since 
surface contamination i!; likely to be present at the former drum 
marshaling area (particularly PCB contamination), workers must 
ninimize the generation of dusts as a result of mobilization or 
demobilization activities. Any observations of airborne dusts will require 
the use of area wetting methods since contaminants may be bound to 
Darticulates (soils). If airborne dusts cannot be controlled by area 
Netting methods, air monitoring procedures using a direct reading dust 
monitor or industrial hygiene sampling methods will be required. This 
determination will be made by the SSO and FOL. 

4 photoionization detector (PID) w/ an 11.7 eV UV lamp source or a 
flame ionization detector (FID) will be used to monitor ASVE emissions. 
This instrument will also be used to monitor the following: 

1) Source areas where potential vapors and gases from the ASVE 
system could be emitted. These locations will be monitored at regular 
ntervals to be determined by the SSO. Positive sustained results at a 
source location which may impact field crew members will require the 
actions discussed below. 

It is anticipated that potential contaminant concentrations at source 
areas will be dispersed via natural wind currents and dilution prior to 
‘caching worker breathing zones. As a result, hazardous 
:oncentrations of site contaminants are not anticipated to be present in 
worker breathing zones. 

a) Monitor- the breathing zone of at risk employees. Any sustained 
readings above background in the breathing zone will require site 
activities to be suspended until readings return to background levels, or 
the contaminant of concern is identified through additional air monitoring 
activities. The procedures and levels of protection that are to be used 
when collecting additional air monitoring information are discussed in 
Section 6.2 of the HASP. 

Significant dust emissions are not anticipated to be generated as a 
result of this task. However, if such dusts are observed, area wetting 
methods must be employed. 

Level D - (Minimum Requirements) 
- Standard field attire (long sleeve shirf; long pants) 
- Safety shoes (steel toe/shank) 
- Safety glasses 
- Hardhat (when overhead hazards exists, or identified as an 
operation requirement) 
- Reflective vest for high traffic areas 
- Hearing protection for high noise areas, or as directed on an 
operation by operation scenario. 

The use of upgraded levels of protection (modified level D 
consisting of the minimum requirmeilts discussed above plus Tyvek 
coveralls, disposable boot covers, and nitrile gloves) will be 
required if this activity is performed in the presence of airborne 
dusts that cannot be controlled by area wetting methods. 

At a minimum, the Level D protectior; as defined in the 
mobilization/demobilization section till be observed for 
maintenance activities. 

Personnel Decontamination will consist 
of a soap/water wash and rinse for outer 
protective equipment (e.g. boots, gloves, 
etc.). This function will take place at an 
area adjacent to the remedial activities. 
This procedure will consist of 
- Equipment drop 
- Soap/water wash and rinse of outer 
boots and gloves 

Equipment Decontamination - All 
equipment decontamination will take 
place at a centralized decontamination 
pad utilizing steam or pressure washers. 
Heavy equipment will have the wheels 
and tires cleaned of any loose debris 
removed prior to transporting to the 
central area. All site vehicles will be 
restricted or also have their wheels/tires 
sprayed off as not to track mud onto the 
roadways servicing the base. Roadways 
shall be monitored to pick up any debris 
resulting from the on site activity. 

All equipment used in the exclusion zone 
will require a complete decontamination 
between locations and prior to removal 
from the site. 

The FOL or the SSO will be responsible 
for evaluating equipment arriving onsite 
and that which is to leave the site. No 
equipment will be authorized access or 
exit without this authorization. 

Anytime the maintenance personnel or 
operator of the system may encounter 
potential contaminants, PPE and 
decontamination procedures such as 
those described in the ASVE installation 
task will be utilized. 



Installation of complete 
ASVE Remedial System 
including blowers, piping, 
nests, separators, valves, 
and gauges. 

TASKS/HAZARDS/CONTROL MEASURES COMPENDIUM 
BETHPAGE NWIRP ASVE REMEDIATION PROJECT 

1) Air/particulate borne 
contaminant primarily 
chlorinated hydrocarbons (e.g., 
TCE, PCE) hydrocarbons, 
metals, and PCBs. 
(see Table 6-l) 

PVC pipe cleaner, cement, and 
other products will be used 
during the installation of the 
system. Refer to manufacturer 
MSDSs for the hazards and 
associated protective clothing, 
control measures, and first-aid 
procedures to use when 
handling these products. 

2) Cross contamination 

Physical hazards 

3) Moving machinery 
4) Heavy lifting 
5) Energized systems 
6) Noise 
7) Pinch points, sharp objects, 
flying projectiles 

1) Employ real-time monitoring instrumentation, action levels, 
personal sampling, and identified PPE to control exposures to 
potentially contaminated medias (e.g. air, water, soils). 

2) Restrict the cross use of equipment and supplies from 
performing remedial activities, to handling clean fill, and 
construction services without first going through a suitable 
decontamination. 

3) All equipment to be employed will be 

- Inspected in accordance with Federal safety and 
transportation guidelines, OSHA (1926.600,.601,.602), and 
manufacturer’s design. 
- Operated by Certified operators, and knowledgeable ground 
crew, as applicable. 
- Establish safe zones of approach (i.e. Boom + 3 feet). 
- Secure all loose articles to avoid possible entanglement. 
- All equipment shall be equipped with movement warning 
systems. 
- All personnel working near equipment traffic are required to 
wear reflective vests for high visibility 

4) Employ proper lifting techniques (using your legs not your 
back) and obtain help when lifting heavy loads. Whenever 
possible, handle loads using available equipment onsite. 

5) All utility clearances shall be obtained prior to any site 
activities. Where the clearance can not be obtained in a 
reasonable period, or not located, subsurface activities shall 
proceed with extreme caution and proceed using cable and 
piping locators. 

Permit only trained/licensed electricians to perform wiring and 
electrical hook-ups. 

6) Excessive noise levels will be mitigated through the use of 
hearing protection. Anticipated excessive noise level operations 
include the following: 

. Heavy equipment operation 

. Portable hand tools (circular saws), 

Any piece of equipment or operation that has the potential to 
generate excessive noise levels (You must raise your voice to 
speak to someone within two feet of where you are standing) will 
require hearing protection until sound level measurements can 
be conducted to quantify the associated noise levels. 

7) Employ safe work practices when handling equipment and 
machinery that have the potential to cause injury. Ensure proper 
guarding is in place and utilize PPE such as leather gloves when 
handling sharp objects. 
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4 photoionization detector (PID) w/ an 11.7 eV UV lamp source or flame 
onization detector (FID).will be used to monitor potential source areas. 

1) Source areas such as ground surfaces, and general work locations 
will be monitored at regular intervals to be determined by the SSO. 
Positive sustained results at a source location which may impact field 
:rew members will require the actions discussed below. 

It is anticipated that potential contaminant concentrations at source 
areas will be dispersed via natural wind currents and dilution prior to 
reaching worker breathing zones. As a result, airborne concentrations 
of site contaminants are not anticipated to be present in worker 
breathing zones. 

a) Monitor the breathing zone of at risk employees. Any sustained 
readings above background in the breathing zone will require site 
activities to be suspended until readings return to background levels or 
the contaminant of concern is identified through additional air monitoring 
activities. The procedures and levels of protection that are to be used 
when collecting additional air monitoring information are discussed in 
Section 6.2 of the HASP. 

Significant dust emissions are not anticipated to be generated as a 
result of this task. However, if such dusts are observed, area wetting 
methods will be employed. 
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Level D - (Minimum Requirements) 
- Standard field attire (long sleeve shirt: long pants) 
- Safety shoes (Steel toe/shank) 
- Safety glasses 
- Hardhat (when overhead hazards exists, or identified as a 
operation requirement) 
- Reflective vest for high traffic areas 
- Hearing protection for high noise areas, or as directed on an 
operation by operation scenario. 

Tyvek coveralls, disposable boots, and nitrile glvoes will be required 
if workers performing this task have the potential to contact site 
contaminants. If necessary, leather gloves with surgical style inner 
gloves can be substiMed for nitrile gloves. MSDS for PVC pipe 
cleaners and adhesives will be referenced to determine any 
additional PPE needs. 

Level C protection consisting will be required whenever : 

- unidentified (contaminant unknown) PID / FID readings ~10 ppm 
above background in the workers breathing zone. 
- positive indications of benzene, vinyl chloride, or methyfene 
chloride at concentrations cl0 ppm in worker breathing zones. 
- identified (contaminant known) PID/FID readings in worker 
breathing zones >lO ppm above background. 
- airborne dusts cannot be controlled with area wetting methods. 

Level C protection consists of the following PPE in addition to Level 
D requirements discussed above 

- Air-Purifying Respirator (APR) with combination GMC-H 
- Impermeable boot covers 
- Tyvek coveralls (unless free phase product is encountered). Free 
phase product or splash potential will require the use of PVC splash 
suit 
- Nitrile outer gloves with surgical style inner gloves 

Level B protection consisting of Self-Contained Breathing 
Apparatus (SCBA). or airline respiratory protection will be required 
in the following situations 

- unidentified PID/FID readings in worker breathing zones at 
concentrations > 10 ppm. 
- if additional monitoring activities determine excessive 
concentrations or the presence of airborne contaminants which 
cannot be adequately removed by APRs (i.e., benzene, vinyl 
chloride, methytene chloride at concentrations > 10 ppm). 
- identified PID/FID readings in worker breathing zones > 50 ppm 
- IDLH concentrations of the indicator compounds 
- 9 readings ~19.5; a23.5 

Ascension to Level B protection requires immediate notification of 
the PM, and Manager of Health Sciences (Pgh. Office) 

As contaminant concentrations and conditions may change 
radically the following emergency equipment will be maintained 
during all on site activities 

l Fire Extinguishers (Strategically placed) 
l Basket stretcher, blankets, and first-aid kit 
l SCBA, lifelines 
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Personnel Decontamination will consist 
of a soap/water wash and rinse for outer 
protective equipment (e.g. boots, gloves, 
PVC splash suits, etc.). This function will 
take place at an area adjacent to the 
remedial activities. This procedure will 
consist of 
- Equipment drop 
- Soap/water wash and rinse of outer 
boots and gloves 

Note: For PPE Levels B or C tank or 
cartridge change out would take place at 
this point, if necessary. 

- Soap/water wash and rinse of the outer 
splash suit, as applicable 
- Outer suit, boot covers, outer glove 
removal 
- Respiratory (face mask) protection 
removal 
- Wash hands and face, leave 
contamination reduction zone 

Equipment Decontamination - All 
equipment decontamination will take 
place at a centralized decontamination 
pad utilizing steam or pressure washers. 
Heavy equipment will have the wheels 
and tires cleaned of any loose debris 
removed prior to transporting to the 
central area. All site vehicles will be 
restricted or also have their wheels/tires 
sprayed off as not to track mud onto the 
roadways servicing the base. Roadways 
shall be monitored to pick up any debris 
resulting from the on site activity. 

All equipment used in the exclusion zone 
will require a complete decontamination 
between locations and prior to removal 
from the site. 

The FOL or the SSO will be responsible 
for evaluating equipment arriving onsite 
and that which is to leave the site. No 
equipment will be authorized access or 
exit without this authorization. 



Drilling&Veil Installation of 
injection and recovery 
wells using hollow stem 
augering techniques. 

I) Air/particulate borne 
:ontaminant - chlorinated 
iydrocarbons (e.g., TCE, PCE), 
iydrocarbons, metals, and 
‘CBS 
:See Table 6-l). 

2) Cross contamination 

‘hysical hazards 

3) Rotating machinery 
$) Noise 
5) Energized systems 

TASKS/HAZARDS/CONTROL MEASURES COMPENDIUM 
BETHPAGE NWIRP ASVE REMEDIATIQN PROJECT 

1) Employ real-time monitoring instrumentation, action levels, 
sersonal sampling, and identified PPE to control exposures to 
Dotentially contaminated medias (e.g. air, water, soils, etc.). 

2) Dispersion fans may be employed to control the 
accumulation of exhaust emissions from equipment operated 
within buildings. Whenever possible, windows and doors of the 
suilding should be opened to provide some ventilation. 

3) Restrict the cross use of equipment and supplies between 
drilling evints without first going through the designated 
decontamination process. 

4) All equipment to be employed will be 
. Inspected in accordance with Federal safety and 
transportation guidelines, OSHA (1926.600,.601,.602). and 
manufacturers design. 
. Operated by Certified operators, and knowledgeable ground 
:rew, as applicable. 
. Establish safe zones and routes of approach to the operation 
(personnel should remain cognizant that this is a multi-task 
operation with many active simultaneously). 
- Restrictions at the operation (Ail personnel not directly 
supporting the drilling operation will remain at least 25 feet from 
the point of operation). 
- No drilling or any other operation which will bring a drill mast or 
any other projecting device within 20 feet in any direction of 
overhead power lines will be permitted. 
- Hand signals between the driller and other crew personnel will 
be established prior to the commencement of field activities. 
- The driller and the helper shall not simultaneously handle 
moving augers of flights unless there is a standby person to 
activate the emergency stop device. 
- The driller must never leave the controls while tools are 
rotating unless all personnel are clear of the rotating equipment. 
- A long handled shovel or the equivalent shall be used to clear 
all drill cuttings from the hole and rotating equipment. Hands 
and feet shall not be used for this purpose. 
- A remote sampling device must be used to sample drill 
cuttings near rotating tools. The driller shall shutdown 
operations if the sampler must get near the tools to obtain 
samples. 
- Only manufacturer approved equipment may be used in 
conjunction with site equipment (i.e., pins or rauger flights). Pins 
or other protruding equipment shall not be permitted. 
- No person shall climb the drill mast while equipment is 
operating. 
- No person shall climb the drill mast without the use of ANSI 
approved fall protection (i.e., belts, lanyards, and a fall protectior 
slide rail or ladders) 

5) Hearing protection will be employed during any operation 
(drilling) in which excessive noise levels are produced. 

6) All utilitv clearances will be obtained prior to anv site 
activities. Where the clearances can ndt be obtained in a 
reasonable period, or not located, subsurface activities shall 
proceed with extreme caution and proceed using cable and 
piping locators. Any procjecting objects (drill rig masts, 
backhoe booms, etc.) will be restricted from within 20 feet of any 
overhead energy sources. 
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\ photoionization detector (PID) w/ an il.7 eV UV lamp source or flame 
lnization detector (FID) will be used to monitor potential source areas. 

jource areas such as boreholes and general work locations will be 
nonitored at regular intervals to be determined by the SSO. Positive 
sustained results at a source location which may impact field crew 
nembers will require the actions discussed below. 

t is anticipated that potential contaminant concentrations at source 
Ireas will be dispersed via natural wind currents and dilution prior to 
caching worker breathing zones. As a result, airborne concentrations 
d site contaminants are .ciot anticipated to be present in worker 
wreathing zones. 

Aonitor the breathing zone of at risk employees. Any sustained 
eadings above background in the breathing zone of the at risk 
employee requires site activities to be suspended until readings return 
o background levels or if the contaminant of concern is identified 
hrough additional air monitoring activities. The procedures and levels 
d protection that are to be used when collecting additional air 
nonitoring information are discussed in Section 6.2 of the HASP. 

The potential exists for dust emissions to be generated during the 
:ourse of this task. Generation of dusts should be minimized to the 
greatest extent possible. If dust emissions are observed, area wetting 
nethods will be employed. 

Level D - (Minimum Requirements) 
. Standard field attire (Long sleeve shitt; long pants) 
. Tyvek coveralls and disposable boot covers if surface 
Zontamination is present. 
. Nitrile gloves or leather gloves with sllrgical sytle inner gloves 
. Safety shoes (Steel toe/shank) 
. Safety glasses 
. Hardhat 
. Reflective vest for high traffic areas 
~ Hearing protection for high noise areas, as directed by the SSO. 

Level C protection consisting will be required whenever : 

. unidentified (contaminant unknown) PID / FID readings cl0 ppm 
above background in the workers breathing zone. 
- positive indications of benzene, vinyl chloride, or methyiene 
:hloride at concentrations 40 ppm in worker breathing zones. 
. identified (contaminant known) PID/FID readings in worker 
breathing zones >lO ppm. 
. airborne dusts cannot be controlled with area wetting methods. 

Level C protection consists of the follobving PPE in addition to Level 
D requirements discussed above 

. Air-Purifying Respirator (APR) with combination GMC-H 
- Free phase product or splash potential will require the use of PVC 
splash suit 

Level B protection consisting of Self-Contained Breathing 
Apparatus (SCBA), or airline respiratory protection will be required 
in the following situations 

. unidentified PlDlFlD readings in worker breathing zones at 
concentrations > 10 ppm. 
. if additional monitoring activities determine excessive 
concentrations or the presence of airborne contaminants which 
cannot be adequately removed by APRs (i.e., benzene, vinyl 
chloride, methylene chloride at concentrations > 10 ppm). 
- identified PID/FID readings in worker breathing zones > 50 ppm 
- IDLH concentrations of the indicator compounds 
- 9 readings 4 9.5; ~23.5 

Ascension to Level B protection requires immediate notification of 
the PM, and Manager of Health Sciences (Pgh. Office) 

As contaminant concentrations and c&iiions may change 
radically the following equipment will be maintained during all on 
site activities 

l Fire Extinguishers (Strategically placed) 
l Basket stretcher. blankets, and first-aid kit 
l SCBA, lifelines 

Personnel Decontamlnation - Personnel 
decontamination will consist of a 
soap/water wash and rinse for outer 
protective equipment (e.g. boots, gloves, 
PVC splash suits, etc.). This function will 
take place at an area adjacent to the 
drilling operations bordering the support 
zone. This decontamination procedure 
will consist of 
- Equipment drop 
- Soap/water wash and rinse of outer 
boots and gloves 
- Soap/water wash and rinse of the outer 
splash suit, as applicable 

Note: For PPE Levels B or C tank or 
cartridge change out would take place at 
this point, if necessary. 

- Outer suit, boot covers, outer glove 
r$rnoval 
- Respiratory (face mask) protection 
removal 
- Wash hands and face, leave 
contamination reduction zone 

Equipment Decontamination - All 
equipment decontamination will take 
place at a centralized decontamination 
pad utilizing steam or pressure washers. 
Heavy equipment such as drill rigs will 
have the wheels and tires cleaned along 
with any loose debris removed, prior to 
transporting to the central 
decontamination area. All site vehicles 
will be restricted access to exclusion 
zones, or also have their wheels/tires 
sprayed off as not to track mud onto the 
roadways servicing the base. Roadways 
shall be monitored to pick up any debris 
resulting from the onsite activity. 

All equipment used in the exclusion zone 
will require a complete decontamination 
between locations and prior to removal 
from the site. 

The FOL or the SSO will be responsible 
for evaluating equipment arriving onsite 
and that which is to leave the site. No 
equipment will be authorized access or 
exit without this authorization. 

. . 



flu&media sampling 
ncluding soils (surface 
md subsurface); 
sediments; 
water (surface and 
subsurface); air (personal 
and area) 

I) Air/particulate borne 
:ontaminant - chlorinated 
hydrocarbons (e.g., TCE, PCE), 
nydrocarbons, metals, and 
PCBs 
[See Table 6-l) 

2) Cross contamination 

Physical hazards 

3) Noise 
4) Lifting (muscle strains and 
pulls) 
5) Pinches and compressions 
6) Slip, trips, and falls 
7) Biological hazards 
(Insect/animal bites and stings) 

TASKS/HAZARDS/CONTROL MEASURES COMPENDIUM 
BETHPAGE NWIRP ASVE REMEDIATION PROJECT 

I) Employ real-time monitoring instrumentation, action levels, 
wrsonal sampling, and identified PPE to control exposures to 
)otentially contaminated medias (e.g. air, water, soils). 

2) Restrict the cross use of equipment and supplies from 
ocation to location without first going through a suitable 
jecontamination. 

3) Hearing protection will be required if surrounding operations 
:reate excessive noise levels. As a general rule, if a person two 
‘eet away must raise his/her voice to be heard noise levels are 
Excessive. 

4) Employ machinery or multiple personnel for heavy lifts. Use 
proper lifting techniques. 

5) Use tools or other equipment to keep hands away from 
moving machine parts. 

6) Preview work locations for unstable/uneven terrain. 
Barricade all excavations deeper than two feet from access 
closer than two feet from the edge. 

7) Avoid potential nesting areas, employ repellents (DO NOT 
use repellents during sampling activities). Report potential 
hazards to the SSO. 

Identify all access/egress routes and locations, hours of 
clearance, and base contacts, in addition to the badge clearance 
end associated requirements for base clearance. 

Monitoring instrumentation will be employed as specified in the 
Sampling and analyses plan to bias samples. Wells to be sampled will 
require opening to allow venting and equilibration prior to sampling. 

A photoionization detector (PID) w/ an 11.7 eV UV lamp source or flame 
ionization detector (FID) will be used to monitor potential source areas. 

Source areas such as boreholes and general work locations will be 
monitored at regular intervals to be determined by the SSO. Positive 
sustained results at a source location which may impact field crew 
members will require the actions discussed below. 

It is anticipated that potential contaminant concentrations at source 
areas will be dispersed via natural wind currents and dilution prior to 
reaching worker breathing zones. As a result, airborne concentrations 
of site contaminants are not anticipated to be present in worker 
breathing zones. 

Monitor the breathing zone of at risk employees. Any sustained 
readings above background in the breathing zone of the at risk 
employee requires site activities to be suspended until readings return 
to background levels or if the contaminant of concern is identified 
through additional air mrjnitoring activities. The procedures and levels 
of protection that are to be used when collecting additional air 
monitoring information a:e discussed in Section 6.2 of the HASP. 

Significant dust emissions are not anticipated to be generated as a 
result of this task. However, if such dusts are observed, area wetting 
methods must be employed. 

Level D - (Minimum Requirements) 
- Standard field attire (long sleeve shirt; long pants) 
- Tyvek coveralls and disposable boot covers if surface 
contamination is present 
- Nitrile gloves with surgical style inner gloves 
- Safety shoes (steel toe/shank) 
- Safety glasses 
- Hardhat (when overhead hazards exists, or identified as a 
operation requirement) 
- Reflective vest for high traffic areas 
- Hearing protection for high noise areas, or as directed on an 
operation by operation scenario. 

Level C protection consisting will be required whenever : 

- unidentified (contaminant unknown) PID / FID readings ~10 ppm 
above background in the workers breathing zone. 
- positive indications of benzene, viny! chloride, or methylene 
chloride at concentrations <lo ppm in worker breathing zones. 
- identified (contaminant known) PID/FID readings in worker 
breathing zones >lO ppm. 
- airborne dusts cannot be controlled with area wetting methods. 

Level C protection consists of the following PPE in addition to Level 
D requirements discussed above 

- Air-Purifying Respirator (APR) with combination GMC-H 
- Free phase product or splash potential will require the use of 
PVC splash suit 
- Impermeable boot covers 

Level B protection consisting of Self-Contained Breathing 
Apparatus (SCBA), or airline respiratory protection will be required 
in the following situations 

- unidentified PID/FID readings in wor!ter breathing zones at 
concentrations > 10 ppm. 
- if additional monitoring activities determine excessive 
concentrations or the presence of airborne contaminants which 
cannot be adequately removed by APRs (i.e., benzene, vinyl 
chloride, methylene chloride at concentrations > 1 O.ppm). 
- identified PID/FID readings in worker breathing zones > 50 ppm 
- IDLH concentrations of the indicator compounds 
- OZ readings x19.5; >23.5 

Ascension to Level B protection requires immediate notification of 
the PM, and Manager of Health Sciences (Pgh. Office) 

As contaminant concentrations and conditions may change 
radically the following equipment will be maintained during all on 
site activities 

l Fire Extinguishers (Strategically placed) 
l Basket stretcher, blankets, and first-aid kit 
l SCBA, lifelines 

Personnel Decontemination - Personnel 
decontamination will consist of a 
soap/water wash and rinse for outer 
protective equipment (e.g. boots, gloves, 
PVC splash suits, etc.). This function will 
take place at an area adjacent to the 
drilling operations bordering the support 
zone. This decontamination procedure 
will consist of 
- Equipment drop 
- Soap/water wash and rinse of outer 
boots and gloves 
- Soap/water wash and rinse of the outer 
splash suit, as applicable 

Note: For PPE Levels B or C tank or 
cartridge change out would take place at 
this point, if necessary. 

- Outer suit, boot covers, outer glove 
removal 
- Respiratory (face mask) protection 
removal 
- Wash hands and face, leave 
contamination reduction zone 

Equipment Decontamination - 

Sampling equipment will be 
decontaminated as per the requirements 
in the Sampling and Analysis Plan 

MSDS for any decon solutions (Alconox, 
methanol, isopropanol, hexane, etc.) will 
be obtained and used to determine proper 
handling and disposal methods. 

All equipment used in the exclusion zone 
will require a complete decontamination 
between locations and prior to removal 
from the site. 

The FOL or the SSO will be responsible 
for evaluating equipment arriving onsite 
and that which is to leave the site. No 
equipment will be authorized access or 
exit without this authorization. 



6.0 CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

The following table represents potential chemical contaminants which may be encountered during the onsite 

activities, as defined in Section 4.0 “Scope of Work”. 

In addition to the potential chemical contaminants, this table provides air monitonnglsampling information, 

exposure limits, warning properties, physical properties, and health hazard information. This table is included 

to educate onsite personnel of the potential chemical hazards, which may be encountered. 

6.1 SITE CONTAMINANTS 

Site contaminants primarily consist of chlorinated hydrocarbons such as trichloroethane (TCE) and 

perchlomethene (PCE). Other site contaminants include hydrocarbons, metals and poly chlorinated 

biphenyls (PCBs). 

Various chlorinated hydrocarbons have been widely used as chemical intermediates and solvents. The 

predominant physiological response to exposure to many chlorinated hydrocarbons results in central nervous 

system (CNS) depression. General symptoms of exposure include dizziness, visual disturbances, mental 

confusion, fatigue, nausea, vomiting, and headache. Studies have shown repeated or prolonged exposure to 

chlorinated hydrocarbons may result in damage to the liver and kidneys. Some chlorinated hydrocarbons 

have been identified as having carcinogenic properties. However, carcinogenicity is dependent upon the 

specific chlorinated hydrocarbon of concern. A discussion of two of the most predominant chlorinated 

hydrocarbons is provided below. Additional information regarding these and other chlorinated hydrocarbons 

is provided in Table 6-l of this HASP. 

6.1.1 TrichloroethvlenelTCEl 

TCE has been widely used as an industrial solvent, particularly in metal degreasing and extraction 

processes. TCE is a clear, colorless (sometimes dyed blue) mobile liquid with a sweet chloroform odor. 

CNS depression is the predominant acute response to TCE. Other acute response in humans include visual 

disturbances, metal confusion, fatigue, and sometimes nausea and vomiting. TCE vapors are irritating to the 

eyes, nose, and respiratory tract. Contact with TCE is irritating to the skin and may lead to dermatitis by 

defatting the skin. A condition known as “degreaser’s flush” has been noted in some cases in which alcohol 

has been consumed shortly before or after exposure to TCE. This condition is characterized by extreme 
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reddening of the skin on the face and arms. Primary mutes of exposure include inhalation, skin and eye 

contact, and in rare instances ingestion. Chronic effects of long term exposure may include digestive 

disturbances, irritability, headache, double vision, loss or impaimrent of sense of smell, peripheral nervous 

system function impairment including persistent neuritis. Repeated or prolonged exposure to TCE may 

cause damage to the liver, kidneys, respiratory system, and peripheral & central nervous, and cardiovascular 

systems. The International Agency for Research on Cancer (IARC) has assigned TCE as a Class 3 

carcinogen (limited animal evidence and insufficient human data). 

oroethylene fPCa 

PCE has been used in dry cleaning and textile processing; metal degreasing; production of adhesives, 

aerosols, paints, and coatings; and as a chemical intermediate. PCE is a colorless liquid with a ether-like 

odor. PCE exerts the majority of it toxicity on the CNS causing symptoms ranging from lightheadedness, and 

slight inebriation to unconsciousness. Liver damage is possible after severe acute of minor long-term 

exposure. Primary routes of entry include inhalation and contact with the skin and eyes. Prolonged 

exposure may cause impaired memory, extremity weakness, impaired vision, muscle cramps, liver damage 

(fatty degeneration, necrosis, yellow jaundice, and dark urine), and kidney damage. PCE is listed as a 

carcinogen by the IARC (Group 28, animal sufficient evidence, human inadequate data), and National 

Toxicological Program (NTP) Class 2 (reasonably anticipated as a carcinogen, with limited human evidence 

and sufficient animal evidence). 

6.2 AIR MONlTORlNG 

Air monitoring activities are discussed in Table 5-l of this HASP. Initial air monitoring shall consist of source 

monitoring with a PID or FID. These instruments will also be utilized to bias samples and to collect air data 

once the ASVE system is operating. Any positive readings at source areas will require the breathing zones 

of at risk personnel to be monitored to determine their potential for exposure to site contaminants. It should 

be noted that sustained airborne concentrations in worker breathing zones are not anticipated to be present 

during site activities. This observation is based on the fact that site activities will be performed outside and 

potential vapors and gases should be dispersed and diluted via natural wind currents. The following 

procedures will be initiated in the event that sustained positive results (above background) in the worker 

breathing zone are detected. 

Suspend site activities and report to an unaffected area of the site. Site activities may continue in Level D 

protection only when breathing zone readings return to background levels. 
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Any additional air sampling activities and site tasks performed in the presence of breathing zone readings 

above background levels will require the use of upgraded levels of protection. The level of protection will be 

based on the concentrations observed during breathing zone sampling with the PID or FID. If breathing zone 

readings were c 1Oppm above background levels, site activities will proceed using Level C protection (full- 

face air-purifying respirators with GMC-H filters). If breathing zone readings were >lO ppm above 

background levels, site activities will proceed in Level B protection (supplied breathing air consisting of self- 

contained breathing apparatus or air line respirators). Site personnel must not@ the CLEAN Health and 

Safety Manager prior to initiating Level B work. These increased levels of protection are necessary since 

some contaminants associated with the site (benzene, vinyl chloride, trichloroethylene, 1 Jdichloroethane, 

etc.) have poor warning properties and/or low exposure limits. An initial action level of 10 ppm has been 

established based on the GMC-H filters ability to adequately remove contaminants of wncem at low 

concentrations. 

If sustained airborne concentrations are observed in worker breathing zones, the CLEAN Health and Safety 

Manager will be notified and additional air monitoring activities will be performed to qualitatively and 

quantitatively evaluate airborne concentrations of potential site contaminants. These additional air monitoring 

activities will consist of sorbent tube sampling and analysis in accordance with applicable NIOSH and OSHA 

sampling methods and/or the collection of tedlar bag “grab” samples. By determining the actual 

concentration of a specific contaminant of concern, action levels can be adjusted and the level protection can 

be appropriately established. 
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TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 

CAB No. 1 Atr MontMngfBampllng lnformatlon 
143-2 1 PID: LP 9.24 eV, 1 Air sample using 

100% n?sporlse 
with PI0 and 10.2 
eV lamp. 

FID: 150% reiattw 
responsa ratk wtth 

’ FID. 

charcoal tube; carbon 
disulgde desorption; 
Sampling and 
analytical protocol in 

I accordance with 
OSHA 07 or NIOSH 
Method 31500. 

786-3 

Htgh response with charcoal sorbent tube 
PiDand102eV carbon disultide 
lamp. desorption with gas 

chrornatography- 
FID: Relative tlame ionization 
response ratio for detector. Sampling 
FID detection is and analytical 
unknown, protocol in 
however, is accordance with 
considered to be NIOSH Method 
detectabk as this # 1003 
substance will 
bum. 
PID: I.P. 11.42 Air sample using 
eV, relative charcoal sot-bent tube 
response ratio and carbon disulfe 
unknown. desorption with gas 

chromatography 
FID: 100% flame ionizatiin 
response with FID. detector; Sample and 

analytical protocol in 
accordance with 
NIOSH Method 
litoo3. 

1 

I 

I 

Ixpoaun Llmlta 
X4iA: 1 oom 
\CGiH: liippm 
3lOSH: 0.1 ppm 
DLH: 500 pprn 

ISHA: 75 pprn Adequate - odor threshold 1.3 ppm. Can 
KGIH: 1Oppm use air-purlfling resptrator with organk 
DLH: 1000 ppm vapor cartridge up to 500 ppm. 

ISHA: 50 ppm 
ceiling) 

JIOSH: 
jTEL 2 ppm 

KGIH: IOppm 

DLH. SOOppm 

Wamlng PropMy Ratlng 
lnadeouate - Ddor threshold 34-199 oom 
The I& of air-pwifying respirators $91 
organk vapor cartridge up to 10 ppm is 
acceptable despite the Inadequate 
wamlng pfhMia8. pfuvkliicaNidges 
are changed at the beginning of each 
shitt. 

Recommended gloves: ButyVneoprene 
blend - >0.90 hrs; Silver shkld as a liner 
- .8.00 hn; 
Viton - ~3.00 hrs 

Recommended glove: Viton - >8.00 hrs 
PV Akohoi >B.OO hrs 

Inadequate - Gdor threshoid 133 - 278 
pp. Chkrolorm has poor warning 
properties but will adhera to organic 
vapor cartridges. Supplied air respirators 
are recommended. 

Recommended glove: Polyvinyl Aicohoi 
~400 hn; VTton 9.50 hrs; Tetlon ~3.60 
hn 

Physical prorwrtkr 
Bolllna Pt 176.F: 80°C 
MeltI& PI: 42-F; &C 
Wublllly: 0.07% 
Ftaah Pb 12.F; -11% 
LEULFL: 1.3% 
UEUUFL: 7 9% 
vapor Danalty: 2 77 
Vapor Pmrun: 75 mmlig 
Spacltk Gravity: 0.88 
Ikcompattblllttes: Strong oxidizers. 

&earance and Odor: 
Color&ass to a light yellow tiqutd with an 
aromatic odor 
Botllng Ptz 268’F; 131% 
Meltlng Pt 4QF; 45’C 
Solubllity: 0.05% 
Fiaah Pb BZ’F; 28% 
LEULFL: 1.3% 
UEUUFL: 9.6% 
Vapor Denrlty: 3 88 
Vapor Pmrun: 10 mmHg @ 72’F; 22°C 
Specltlc Gravity: 1.11 
incornpaBbllttlas: Strong oxktlzers 
Appaaranca and odor: Coiortess liquid 
with an almond-like odor. 

Bolllng Pb 143.F; 62% 
Meffltlng Pt 81’F; 82% 
Sdubtlity: 0.5% 
Flash Pb Not available 
LEULFL: Not available 
UEUUFL: Not available 
Vapor Denrlty: Not available 
Vapor Pressure: 160 mmHg @ 68°F; 20’ 
C 
Speclflc Gravtty: 1.48 
IncornpatlblliBas: Strong causiks, 
clemically active metals ati as 
aluminum or magnesium pawder. sodium 
and potassium. strong oxidllers 
AppearanceandDdor: 
Cokdess liquid with a sweet pteasant 

Heallh Nazald lntolmatbn 
hremx~~~~m may result In trrtta9on 
2 tha t&es, nom; throat and 
csptratory system. CNS ettects 
dude giddiness. lighthem, 
mdaches, s@gered gait tatigue. 
ml lassitude and depression. 
utdkonal eltects may lrkiude 
nausea. long duration exposures 
nay result ln respiratory collapse. 
teguiated as an OSHA carckogen. 
lay cam damage to the blood 
ting organs end may cause a 
xmdcanwrcalled leukemia. 

legulated prtmarliy because al it 
&ntiai to cause sleepiness end 
rcoordinatkn. lrrttating to the eyes, 
me. and sldn. Chronk exposure 
nay ceuse liver. kldnay, and lung 
lemsga. 

hrerexposure to this substance may 
ause diulness. mental duitness. 
nausea. headache. fatigue, 
maesthesia. and initatkn of the skir 
md eyes. Chronic overexposure 
nay result in damage to the liver, 
kJneys, heact. ayes and skin. 



TABLE 6-l 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
SETHPAGE, NWIRP, NEW YORK 

Substenw 
l-Diithane 

Z-Dkhbroethane 
~&OEthyk!M 
cJ3lode 

!-Dkhkxuethytene 40tXt-0 

eV. relative 
response ratro 
unknown. 

FID: 60% nlattve 
respcmse ntb wit 
FID. 

PID: I.P. 11.05 
eV. 140% relattve 
response ratio. 

FID: 60% 
response with FID 

PID: I.P. 9.65 eV, 
hiohmPw=*rilh 
PID and 10.2 eV 
lamp. 

FID: 50% 
responre wtth FID. 

mptlng InfonuaBun 
Air sample usinQ 
charcoal tube; carbon 
disulfide desorption. 
GClFlD deteotiin. 
Sampling and 
analytical protocd 
shall proceed in 
accordance with 
OSHA Method 107-B 
M NtOSH Method 
11003 

Au ample UsklQ 
charcoat sorbent tube 
and carbon disulftie 
desorptbn with gas 
zhromatography- 
lame bnizaton 
ktector; Sample and 
analybcal protocol in 
mordanw with 
UIOSH Method 11003 

umudno 
9wcoel lube; and 
rrbon disutttde 
tesorptbn; Sampling 
mnd anatytiil 
lrotocol in 
tczordanoe wtth 
WtA Method Kr7; 
md NIOSH Method 
t1003. 

E~poeum Umb 
XHA; NIOSH; 
WGIH: 100 
‘pm 

DLH 4000 ppm 

OSHA: soppm. 
IWppm 
(Ceiling) 

ACGIH: 10 ppm 

NIOSH: 1 ppm 

IDLH’ 50 ppm 

OSHA; NIOSH; 
ACGIH: 200 
Ppm 

IDLH: 1000 ppm 

Wamlng Prqerty Rattng 
Guesttonabte wamtno orooerttts - Cktor 
threshokl49 - 1359 ppm 
APRs may be employed for escape only 
Exceadancas over the exposure kmrts 
are recommended to use aidrne or 
airline/APR combination type resprrator. 

Recommended glove: Butyl; Polyvinyl 
alcohol, Vtton 

Inadequate - This ccmpound has poor 
wamtng properties (odor threshold 26 
ppm) OSHA allows the use of organic 
vapor cartridges in certain 
ctrcumstanoes. 

Recommended glove: Polyvinyl atcoho 
r6.00 hm; Viton 6.90 hrs; Tellon >24.00 
1rs; Silver Shield %OO hrs 

Wequote- ocbr threshokt 0.065-17 ppm. 
Jae ocganic vaporArcld gas cattrid~es lor 
~xceedanoes above the TWA up to 1,000 
~fxn. ~1.000 m should use pressure- 
femand supplii air respirator above 
exposure limits. 

Recommended glove: nitnle - 0 12 hm; 
rifon - 0.95 hm 

Phy8lcat Pro~erttes 
Bolllng pt: 135°F; 57°C 
Meltlng Pt: -143’F.-97-C 
Solubttlty: 0 6% 
Flash Pt: 2-F; -17°C 
LEULFL: 5 6% 
UELAJFL: 114% 
Vapor Densrty: 3 42 
Vapor Pmrrure: 162 mmHg 
speclflc t?mvlty: 1.16 
IncompaUblltttes: Strong oxidizem. 
stmno caJsfics 
Appe&ance and odor: Cobrtess. oily 
liquid with a chloroform-like odor 
Bolllng pt: 162-F; 63°C 
Melttng Pt: -31°F; -35°C 
Solubllity: 0 9% 
Flash Pt: 58°F; t3’C 
LEULFL: 6.2% 
UEWFL: 16% 
Vapor Density: Not available 
Vapor Pmssum: 64 mmRQ (g) 664F; 20°C 
Speciftc Gmvlty: 1.24 
IncompaUblOtles: Strong oxidizers and 
Wustll, chemically active metals such a4 
aluminum or maQnesium powder, sodium 
mnd potasstum. 
Appeamnco and Odor: 
C&rtess liquid with a pleasant. 
chbm~tikeodor 
Betling PL 117’F; 47°C 
MelUn~ Ptz 7’F; -13 6-C 
Bolubltlty: 0.4% 
Ftash pt: 36-F; 2 2% 
LEULFL: 5.6% 
UELAJFL: 12.6% 
Vapor Density: 2 0 
Yapor Pmsum: 160-260 mmHg 
Spectftc Gmvky: 1.27 @ o(rF; 32.C 
Incumplttbllltles: Strong oxidizem. 
alkalis, potasskrm hydroxide, and copper 
Men heated to decom&tton 
emperatures will emit toxic fumes of 

Smeamnce and Odor: Cotortess liquid 
withanacddodor. 

Hesllh Huard Infonnsilon 
lverexrmure may result tn CNS 
tepression. skin and eye irrttation. 
md damage to the liver. kidneys, 
md lungs 

ixposure to this substance may 
ause CNS depression. nausea, 
romtting, dermatitis, and irritation ci 
he eyes Chronic overexposure 
nay result in damage to the kttneys 
lver. eyes (cornea opacity), skin ant 
:NS 

hremxposum mav result h CNS 
egres~wuhpot~bwuae 
Repmess, halkrctnatbns. dlslorted 
erwptkn1.9. and stupor (namusb). 
~ystemkally. symptoms may msutt 
i nausea, vomtting. weakness. 
wnom. and cramps. May atso 
titale the eyes, skin, and mucous 
wnbranes. Chronk exposures 
ray resull In dermatitis, liver, 
kiney. and lung damage. 
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0 
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TABLE 6-l 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
BETHPAGE, NWIRP, NEW YORK 

6ubsranca 
MelFuel 
40.2-D 

Ithylbenzene 

zzr 
Alru 

IO0414 

AhMom~orrl(orfnglSrmpllnglnlonnrblon 
:ompwenbd lAlrsampleuring 
his substance will 
w) dekcted readily 
vnvever no 
kcumcntauon 
exists au lo lhe 
elative response 
alll of either PI0 
I FID. 

chamal lube as a 
colkction medii: 
carbon disulfide 
desofplion; GClFlD 
detection Sampling 
and analytical 
prokcol in 
acmrdanm wilh 
NIOSH Method 
H550. 

‘ID: I.P 8.76. Air sample using 
iigh msponw wllh charcoal tube; carbon 
DID and 10.2 eV disulfke deso@on; 
amp. GClFlD detection. 

Sampling and 
‘ID: 100% analytical protocol in 
esponse with FIG accordance with 

OSHA Method SO7 or 
NIOSH Method 11501 
Aromatic 
Hydrocarbon 

!xpoaumuml& 
XWA: NIOSH: 
4CGIU: 
i rng/m’ as 
nineral oil misl 
n addition 
(IOSH and 
4CGIH establish 
IO mglm’ as a 
iTEL. 

ICGIH; NIOSH: Adequate - Can use drpurifying 
WJppm; resphator with organk vapor cartridge up 
125 ppm STEL lo 800 ppm. 

WlA: 100 ppm 

DLH- 600 ppm 

Recommended gloves: 
Neoprene of nitrik wl silver rhiild when 
potential for saturation; Teflon ~3.00 hn 

Wamfng PrqMy Rating 
:erosene odor 

tecommended Air Purifying 
:mtrldges: Organic vapor 

recommended gloves: Nitrile 

I PbyOM PropertW 
I Bolllna Ptz 47MOO*F: 77-264.C 

Melting Pb Not available 
Solublllty: Negligible 
Flash Pb 125°F; 52-C 
LELfLFL: 0.6% 
UEWFL: 7.5% 
Vapor DanMy: >S 
Vapor Preuuro: *l mmHg @ 7O.F; 21.C 
Speclfk Bravlty: 0.66 
Imompatlbll~ sbmg oxkllzers. 
halogens. and hypcchkfitea 
Appearance and odor: Colchss to 
amber with a kerosene odor 

’ Eldllng pt: 277-F; 1 WC 
MelUng pt: -13g.F; -g!PC 
sofubfffty: 0.01 K 
Flash Pb 55’F; 13°C 
LEIJLFL: 1.0% 
UEUUFL: 6.7% 
Vapor Density: 3 66 
Vapor Pressure: 10 mmHg @ 79’F; 26% 
Spedfk Gravity: 0.67 
IncompatlblllUes: Strong oxidizers 
AppWWX8lldOdOC 

Coknlers lkjuid with an 
aromalic odor. odor ThreshoM of 0.092- 
0.60. 

this p&dud r& cause &n and eye 
irritaliin. Due lo the dafalting 
capabililia lhlr exposure may bad 
lo a dennalitls condition. Hlgh vapor 
concentrations am irritating to lhe 
eyes and respiratory bad. Exposw 
lo hlgh airborne conomtm6orlr may 
mull In narcotk effecb lndudlng 
diiirmr. headaches, and 
mesthetk to 
umsckurneu. High 
concmtfalionr h a confined space 
mav adeauablv disdam owmm 
ihekby r&ullkg In burrocecib;. 
Regulated primarily because of lb 
pobnUal lo britate the eyes and 
resplralory syskm. 
In addition, effects of overexposure 
may Mude headaches, narcdk 
efbcb. CNS changes (I.e., 
coordkation impairment, impaired 
rellexes, hemming) diflTcuHy In 
breathing, possible chemkal 
pneumonia, and potentially 
respiratory failure or coma. 



TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
BETHPAGE, NWlRP, NEW YORK 

detector; Sampkng 

Use a gas mask with a Type N 
for concentrations up to 25 ppm. In 

Flesh Pt: Nol available 

CNS efbcts - ca 

numbness of the limbs, altered 
card& rate and inaxxdination. 
These signs and symptoms may be 

iulfuric Acid 

LYns 
emhkmsthylene 
ERK 
CE 

7664-93-g 

127-164 

protocol shall proceed Speclflc Gtavlty: 133 lhe narwsk long term effects may 
in a-dance with 
OSHA Method 159, supported 

IncompsgblllUes: Strong oxidizers, include liver injury. Listed as 

00. or NIOSH Method PdYvinYj alcohol glove. unsupported l-6 
caustics. metals (i.e aluminum, possessing carcinogenic properties 

11005. hn; Silver shield 1.90 hrs 
magnesium, potassium, sodium, lithium), by NTP. IARC. and ACGIH. 
and concenlrated adds 
Appeannco and Odor: 
Colodess liquid ~16-1 a chloroform-like 
odor. (Note: A gas above 104-F; 40-C) 

This rubslana, is Sampling and OSHA; NIOSH: Adequate - Irritating. tingling sensation. Bolllng PC 554.F; 29O’C This substance Is corrosive at all 
UtlhblObO malytkal protocol 1 mglm’ Ddor mreshdd 0.15 ppm. Suitable for 
detected by shall be in 

Mdtlng PI: 51’F; 10°C points of contact Severe exposura 
acid gases and dusts and mists for 

PIDIFID. accordance with 
Solublllty: Miscible may result in bums, chemical 

ACGIH: concentrations less lhan 15 mg/m’. Flash Pb Not available pneumonitis. conjunctivitis. 
NIOSH Melhod 1 mglm’. LEULFL: Not available slomaClis. and eroslon of lhe leelh. 
17903. 3 mg/m’ (Ceiling) Recommended gloves: Nilrile 6 00 hn UEmFL: Not avail&N Depending on the severity, shock 

has been lhe one most widety used for and collapse may result. 
NIOSH 1 n-g/m the other substances and is acceptable 

Vapor Denslty: Not available 

for this substance Other options indude 
Vapor Preaaure: 1 mmHg @ 295.F; 146” 
C 

IDLH: 15 mglm’ bulyl tubber >6.00 hrs; silver shield 6 00 
hrs; neoprene l-3 hrs; and Viton r6 00 

Specific Gravity: 1.04 

hrr. 
IncompaUMlltles: Organic materials, 
chknster. carbides. fulminates. waler, and 
powdawd metals. 
Liberates excessive heat when mixed with 
water. 
Appearance and odor: Colodess. oily 
liquid, odode.3a 

PID: I.P. 9.32 eV. Air sample using ACGIH: 25 ppm Ddor lhreshold for this substance has Bolllng Pb 250°F; 12l.C @erexposurernsyresultlninilatior 
relative response charcoal tube; carbon 100 ppm STEL beendetemWsdtobeetalrbome lo eyes. nose, Umat. and skln. 
ralii 2OOYv with disulfide desorption; 

MeKlng Pb -2.F; WC 
concentrations ol approximately 47 ppm. Solublgtr: 0 02% Potentisl CNS effects lnduding 

10.6 eV lamp. GClFlD deledicn OSHA: 100 ppm which is Con~ideted adequate. APR with Flesh p1: ~o( available sleepiness. Incoordinallon. 
Sampling and 200 ppm CelTi; Organic vapor/acid QSS WtrkigeS should LEWFL: No( available headaches, hallucMalbns, distorted 

FID: 70% relative analytii protocol 3OOppm5- beusedforeacapepurposesoflly. UEIJUFL: No1 available perceptions. and stupor (namosls). 
response ratio with shall proceed in minute max Peak Exceedances over the recommended Systemically. symptoms may resull 
a FID. accordance with 

Vapor Denslly: 5.63 
in any 3-hr exposure limits WqUireS the us0 of airkne 

OSHA Method 107. or period or aitfine/APR combinakon units 
Vapor Pnssure: 14 mmHg @ 77-F; 25” in nausea, vomiling. weakness, 
C tremors. and cramps. Chronk 

NIOSH Method exposures may result in dennakhs. 
HOO3. IDLH. 15Oppm Recommended glove: Won. PV alcohol 

Speclfk Gravity: 1.62 @ 77-F; 25°C 
enlarged tender liver, kidney, and 

516 hrs; silver shield >B.OO hrr; le6u1 
l~ornpetm(l~: Strong oxMiren, 
alkalis, fuming sulfuric add. and lung damage. This materiel is 

1524 hrs; and Nikile in lhat order. The 
breakthrough Iime for the nitrile glove 

chemicalty adive metals. VVhen healed IO considered a animal carcinogen 

ranges between 1.5 - 5.5 hm. during 
dmpo$iM temperalures MU emif toxic (IhfH hmKJ% however. inadequate 
fumes of chklllne. evidence exists concerning 

complete inullemknl. Appearance and Odor: carcinogenic potensal in humans 
Cobdest IiquM wdh a mild chloroform like 
odor. 
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TABLE 6-1 
CHEMiCAL, PHYSICAL AND TOXICOLOGICAL DATA 
BETHPAGE, NVVIRP, NEW YORK 

subalance 
bane 

1.2- Trichbmethane 

rkllloroethylaw 

9-00-5 

Q-01-6 

Air MonRofl* 
ID: I.P 6.62 eV. 
igh response with 
ID and 10.2 eV 
Imp. 

ID: 110% 
sponse with FID 

P. ll.OeV, 

5% response with 
ID 

‘ID’ I.P. 9.45 eV, 
Cih response wit 
‘ID and 10 2 eV 
amp. 

‘ID: 70% 
lesponse with 
ID. 

npllng lnformaUon 
4ir sample using 

fisulfide desorptbn 
jampling and 
lnatytical protocol 
rhalipmceedin 
lccoNfance with 
3SHA Melhod 607. oi 
YlOSH Melhod 
I1 500. 

4ir sample using 
harcoal sorbent tuba 
and carbon disul6de 
desorptkrn with gas 
chromatography- 
llama ionization 
debcloc; OS-IA 07. 
NIOSH 1003 

Air sample using 
charcoal tube; carbon 
disullde desorplion; 
Sampling and 
analybcal protocol 
shall proceed in 
accordance with 
OSHA Method 607.0 
NIOSH Melhod 11102: 
or 61003. 

300 Ppm 
[Ceiling) 

ACGIH: 5Oppm 
NW 

NIOSH: 100 
ppm1~ppm 
STEL 

IDLH: 5OOppm 

OSHA. NIOSH. 
ACGIH 
IOppmTWA 

Exposure 
contribulion may 
also occur 
through skin 
absorplii. 

IDLH -100 ppm 

OSHA: 5oppm; 
200 pm 
(Ceiling) 

ACGIH: 50 ppm 
IWppmSTEL 

NIOSH: 25 ppm 

IDLH: 1000 
ppm 

Wunklp PropMy RaUnp 
Usquab-o&lrthreshold1.6ppmis 
on&ered good. Can use air-purifying 
cspirabr with organic vapor cartridge up 
D 1,000 ppm. 

Iecommmded glovea: Teflon >15.W 
ua; Vii .16.W hrs; silver shiild M8.W 
m; supporbd nibile (Useable time IM 
I.5 hr, complete SubmaWon forlhenibik 
wkclbn); W akMol+25.W hrs 

Jo inbrrnation was found concerning 
xior threshold limits. The use of ak- 
naifying respirator with organic vapor 
Mridge for 400 ppm for escape 
wposes is permitted. 
&eedances above the exposure limits 
will mqulre the use of airllne or 
ridine/APR combination units. 

%?surnmended glove: Butyl 
ubber,sotventdlpped. ~ppocted; Pv 
~kohol: Telkm; Vilon 

iktadewale - Odor threshold 62 ppm. 
4PRs with ugank vapor/add gas 
srtddges may be used for escape 
Pw@J-. 
Exceedances over the exposure limits 
require the use ol posilive pressure- 
demand supplied air respirator 

Racommmdad gloves: W Alcohol 
unsupported a16 W hrs; Silver shield 
>6.W hn; Telbn a24.W hrs; or Vilon 
r24.00 hrs; Niie (Useable lime limit 0.5 
hr. complete submersion for the nilrile 
selechcn) 

Pltyskal Propdaa 
3olllne Pt 232.F: 1 1 1-C 
Nal6, Pt -139.F; -95-c 
Polublllly: 0.05% (61’F;lB’C) 
:Iash pt: 4O’F; 4-C 
-EULFL: 1.2% 
JEWFL: 7.1% 
Japor Danany: 3 14 
Vapor Pmsun: 20 mmHg @ 65°F; 16’C 
Speclfk Gravlly: 0.97 
IRcompatibllltiaa: Strong oxidllers 
Irppraranco and odor: Cobdess liquid 
nlth a sweet pungent aromatic odor. 

Boiling PI: 237-F; 114’C 
Melllno PI: -3l’F-35’C 
Solubiiily: 0.6% 
Flash Pt: N/A 
LELAFL: 6% 
UELAJFL: 15.5% 
Vapor Dens&y: Not available 
Vapor Pressure: IQ mmtig @ 66’F; 2o’C 
Speck Gravlly: 1.44 
Incompatibki9as: Acids, add fumes, 
cuddizm. caus6cs. and chemkary adiM 
metals such as aluminum. magnesium. 
sodium. pdassiun. etc. 
Appearanceandodor: 
Cobriess liquid with a sweet chlofoti 
like odor. 

Bolllng pt: IWF; 66.7% 
Malung PC -9QT; -73-c 
Sdublllty: 0.1% @ 77’F; 25’C 
Flash p(: 90-F; 32’C 
LELML: 6% @ 77’F; 25’C 
UEIAJFL: 10.5 @ 77-F; 25% 
vapor oenany: 4 53 
Vapor Pmssun: 100 mmHg @ 90°F; 32’ 
C 
Sped& Gmvlty: 1.46 
InwvnpatlblUtlaa: Shng caustics and 
alkalis, chemkally saliva matab ( barium, 
lithium. sodium, magnesium, titanium. ant 
betytlium) 
APPearam and Odor: 
Cobdess liqdd with a chlocofom, type 
odor. Combustible liquid. however, burns 
with dillicuity. 

Haal6lHamdlntonnrtkn 
Dvemxposure lo ulb aubaknce may 
WUlllimildtOlllOdOf8tO~8l 

mll points of conted. and CNS 
changes induding euphoria, 
canfusbn. nervousMss, and 
possibly pareslhesia cttatactedzed 
by an aLmnnal burning wnsatbn. 
pricking, or numbness. 
At 200-500 ppm exposure has 
resulted In headaches. nausea, eye 
initatbn, bss of appetite. bad tasle~, 
lmpak ccudlnalbn. faligue. and 
weariness. Chronically. lduene 
~unmayresullln 
dematib. liver, and lddney dammge. 

Overexposure to thb substanm may 
cause lnilalion to Ihe eyes, skin. and 
muam membranes of the 
respirat~ and gastrdnlestinal tract 
CNS effeds may indude sleepineu, 
inuJofdination. depmsskm sknllar to 
anarcotic.chmdcexposummay 
cauaa her, kidney and lung 
fJ=-Q@. 

Cenlml nervous system effeds 
Indudkro euphorb. analgerk. 
anesthesia, paresthesia. headaches 
tremors, VOI%QO. and somnobnce. 
Damage lo lhe liver, kklneys, heart, 
lungs, and skin have also been 
npofled ccilbcl may msult In 
irrilalbn to the eyes. skin, and 
mucous membranes. Ingestkm ma) 
resull In GI disturbances Including 
nausea, and vomillng 
NIOSH lists this substance a 
poten6al human carcinogen. 
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Subatanaa 
finyl chloride 

1330-20-7 

7ztzizq 
‘ID: I.P. 9.99 eV 
iigh response will 
‘ID and 10.2 e\ 
amp. 

?D: 40% 
esponse with FID. 

PID: I.P. 9.56 eV 

PIF) and 102 e\ 
lamp. 

FID: 110% 
response with FID. 

mpllng blformallon 
Air sample using 
charcoal or Anasorb 
CMS sot-bent tube 
carbon disulfide 
desorption; wr 
chromalography- 
flame bnlration 
detection; SampliW 
and analy6cal 
protocol shall proceed 
In accordance with 
NIOSH Method 
1lW7. or OSHA 
Method 175. 

Air sample usiq 
charcoal tube; carbon 
disuffide desorplion: 
GCfFlD debcuon. 
Sampling and 
analylical pro&d 
shall proceed ln 
accordance with 
DSHA 07, or NIOSH 
blothod 1500. 

ixpoaura ulnlb 
)!%A: 1 .O pprn; 
; 0 ppm (Ceiling) 

~CGIH: 5 ppm 

IIOSH: Lowesl 
:easible 

ACGIH. & 
NIOSH: 
100 Ppm. 
150 ppm STEL 

OSHA: 
100 ppm 

IDLH. 900 ppm 

Wamlng Propwty RaUng 
Inadequate - odor threshold IO-20 P~XII 
Gas Mask with a vinyl chloride Type N 
canister may be employed for 
conoenlrations up to 25 ppm. Canisters 
employed must have a minimum service 
life of 4-hrs. Exceedances over 25 ppm, 
must use a positive pressure demand, 
opan-circuil, selfcontained breathing 
apparalus, pressure demand type. wilh 
full facepiece Refer to 29 CFR 
1910 1017(g) for specific requirements 
based on atmosphenc concentrations 01 
vinyl chloride. 

Recommendad glovea: Silver shield 
+6 00 hrs; Nib& 5.70 hrs; or vllon 4.4 
hrs 
Adequate - Odor thresholds for the 
following isomers: 06 m-; 5.4 P; 20 IB 
ppm. Can use air-purifying respirator with 
organic vapor cartridge up to 1.000 ppm 
concenk&ions. 

Recommended gloves: 
PV Alcohol ~12 67 hn; Viton ~6 00 hrs. 
CPE a1.W hr; Sutyl 0.87 hn; Nitrile fa 
acceptabla for limited operaUons and 
wnbcl (~0 20 hrs) 

Pbyakal PrepeMs 
Bolllng p(: 7.F: -13 Q°C 
Meltlng Pt: -256°F; -160°C 
Solublllty: 0 1% Q 77’F. 25’C 
Flash Pt: 1 6’F. -6-C 
LEULFL: 3.6% 
UEUUFL: 33% 
Vapor Denshy: 2 21 
Vapor Pressure: 3.3 atm 
Sf.wclfk Gravity: N.A 
Incompotlbllltler: Oxidizers, copper 
aluminum, peroxides. iron, steel, 
ApPeannce and Odor: 
Colorless gas or liquid (below 7°F) wrth i 
pleasant odor at high concentrations. 

Bdllng Pt 269-261°F; 132-136X 
Malung pt: -13o/-54m’56~F; -25oI 
46rrd13p l c 
Solublllly: 0 02 % 
Flash Pb 61-90°F.27-320C 
LEVLFL: 0.9% 
UEUUFL: 7.0% 
Vapor Densfty: 3 66 
Vapor Preaaun: 7-Q rnmHg @ 70°F; 21’ 
C 
Speclflc Gravity: 0 66-0.66 
Incem~atlbllfffea: Strong oxidizers and 
smlg adds 
Appearance and odor: 

Colorless liquid with an 
aromatic odor. 

Heafth Hazard lnFotmaUon 
A severe skin. eve. and muw 
membrane init&Lk&l froslbik 
Narcolic effect causing weaknea 
abdominal pains, GI bkseding. al 
pallor skin or cyanosis. Chror 
exposure has been linked to U 
formalion of malignant tumc 
originating from blood lympha 
vessels In the liver (assodatl 
enlargement of Ihe liver), al 
kidneys (angiosarcoma al 
nephroblastoma) Llsted as 
carcinogen by NTP. lARC ai 
ACGIH. 

Effecls may of overexposum lnduc 
lniblbn at all paints of conlad, Ch 
changes (i.e. diiiness, exdtemel 
drousiness, incoherent. staggerk 
DW. difticully in brealhln 
pulmonary edema, and posslt 
implfabfy failure. 

de 
IS 
N 
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Chronic effects may lndtx Jo 
demWtis and ma vwuoliubkr I. 
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SUbWlM 
:admium 

:hromlum Compounds 

AlrMonnoflnglZ 
‘artiarlab Form - 
Inable to be easily 
eltied by PID OI 
ID. 

lot detedabb by 
‘ID. 
Id eeteclable by 
ID. 

mplin# lnfoNnatlon 
C samde urine a 
llxed &“l0s&&3r 
lter I acid desorption 
nd analysis by 
lOlllk absofplii- 
ame. Sampling and 
nalylical ml- 
hall proceed in 
ccordance with 
IIOSH Method 17300 
r 17049. 

dr sample using 
llxed cdlulose -lx&N 
Her; acid desorplion 
nd anatysls by 
‘fomk absorption. 
Wnpling and 
nalytical prol=d 
hall proceed in 
cwrdanw with 
IIOSH Method 
‘7024. 

Expoaun Llmlta 
DSHA: 
2 rg/m’ (0.002 
mglm’) 

ACGIH: 
0 01 mgl& (lolal 
particulate); 
0.002 mg/m’ 
(respirable 
particulate) 

IDLH: 9 mgrrn? 
(as cd) 

OSM 8 NIOSH: 
(Chromium II. Ill) 
0.5 mglm’ 
(Chromium VI) 
0.1 ms/m’ 
(Ceiling) 

ACGIH: 
0.5 
(ChromiumTI 
compounw. 
0.05 WmJ 
(Chromium VI 
compounds) 

IDLH: 30 mglm’ 
(Chromium VI 
compounds) 

wunlnp Propuly Rdlng 
Ibe use d an air purifying, full face-pieca 
espkalor with a - hiih efli&ncy 
Mrtiarlate air filler for concentrations up 
o 0.25 me/m? 

tacommondad Glovea: This is In 
lallkume (am. Therefom any QkIW 
iuitabb to prevenl skin contact. 

~useofaakuurifvina. fullfaca+kw 
espmor wnh- a- iigh amdkncy 
,artkulate filter for concentrations up to 
I. 1 mg/m’. 

?acommended Glovrs: This is in 
nrlkulale foml. -wm 
ruitablr lo prevent skkl wntact. 

PbySkal Propam. 
Bolllnp Pt 1412.F: 767% 
MelU~ Pt: BlO’F; 321% 
Solublllty: Insoluble 
Flash Pt: Not applicable (Airborne dur 
may bum or explode when exposed lr 
heat, Ibrne. or ~tible chemkzrls) 
LEULFL: Not applicable 
UEUUFL: Not applicable 
Vapor Genally: Not avallable 
Vapor Pmrun: 1 mmlig @ 741-F; 394’ 
C 
Spaclfk Gnvlty: 9 65 0 9O’F; 32°C 
Incumpatlbllltles: Stmng oxidizers 
elemental sulfur. selenium. tellurium. rlnc 
nilrk acid. and hydrazoic rdd 
Appearaim and odor: 
Metal: Silvar-white, blue-tinged luslrous 
odorksr soud. 
Fume: y&w-brqvn, linely divider 
padkulati dispemed in air. 
Bolllna Pti 47WF: 2642% 
MaI& Pt 3452°F; 19OO’C 
Sdublllty: Insoluble 
Flash Pt Not applicable (Alrboma dur 
may bum or explode when exposed k 
heat, nama. of lflwmpatibfe chemicals) 
LELkFLt Ndapplkable 
UEWFL: Nol applkabb 
Vapor lhnslty: Not available 
Vapor Pressure: 0 mnHg 
Speclfk Gravlty: 7.14 
ImumpatlblIltlr: Strong oxidizers 
peroxides, and aikalis 
Appaannce and Odor. 
Appearanw and odor vary depend@ 
upon the specific cunpound. 

HodfhHszudInlo*mrtkn 
hwexposure to this subslarKa may 
asuHininilaUontolhensdrat0tv 
racL dyspnea, lightness .tn th;l 
fmst. whbrg. posslMv PI-V 
&ma. ovemxposun to fumw 
auses symptoms characterlslk d 
he nu (headaches. chills, musck 
I&M. nausea. vomiling, dianhea). 
:hronk exposure may result in 
lamage to the lungs. kldneyr and 
lw)r. This substance has baen 
dentin as a wnfirmsd animal; 
tienlial human cardnogen by IARC 
mnd NlP. 

ieafih hazards am chamcMzed 
mmwlfy through chronk exposure 
nanifesting as histologic fibrosts o( 
he kmgr and ukeratbn of ihe nasa 
k?plum and skin. IARC. NTP ant 
KGIH list various tzhmmh 

xk &es. 
PO--h 



TABLE 6-1 
CHEMICAL, PHYSICAL, AND TOXICOLOGICAL DATA 
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SUbStrllCa 
ead 

K&r-1260 
‘dychlorhated 
iphenyl. PCB) It sfkxrk 
D noted that thic 
rbstance I2 
!presentative of tht 
ON common Isomen 
mclor - 1242, 1254 
hkh may k 
Icountered. 

~ste Oils 

I Information is bared 
1 mineral oil 

CA8 
7439-92-I 

11096-62-5 

53469-21-g 
(4290 

11097-69-l 
ww 

.E. 
312-95-1 for 
ineral dl 

JnaMe to be 
letected b either 
‘ID or FID. 

Air sample using a 
mixed cellulose ester 
filter; or HNO, a 
HZO, desorption; Of 
Atomic absorption 
detection. Sampling 
and analytical 
protocol shall proceed 
in accordance wllh 
NIOSH Melhod a7082 
a 17300. 

datlte 
VP=0.00006 
ImHg). I.P. is 
nknown however 
1 antlclpated to be 
levated, 
rerefore, PID is 
ot anticipated la 
elect lhia 
ubslance. 

ubstanca is non 
ombustible and 
saresugwilfnol 
e detected by 
ID. 

I 

pal-tkulate lilter, 
Florisil sorbent tube 
with glass fiber filler; 
hexane desorptik4; 
gas chromatcgraphy 
electron capture 
detector. Sampling 
and analytical 
protocol shall proceed 
in accordance with 
NIOSH Method 15503 

1 (PCBS) 

aties -I-wm and 
adJonshoweverarIafytiwl pmt@=l 
aste oils tend to shall be in 
e less volatile. accordance with 
he FID tends to NIOSH Method X5026 
mdle the bnger ls the ‘recommended 
rained aliphatic method for mineral oil 
rdmcarbons mist. 
tore efftciently 
Ian ita PID 
xinterpart and 
odd be selected 
smetnstNmetlt 
‘chokx. I 

Expoeun UmtU 
OSHA: 
0.05 rig/m’ 

ACGIH: 
015mg/mJ 

NIOSH: 
0 10 mglrn’ 

IDLH IOf 
mg/m’ as lead 

OSHA; ACGIH: 
0.5 mglm (skin) 

NIOSH 
D.001 mgm’ 

IDLH: 5mgAn’ 

4CGIH; NIOSH: 
5 mglm’ (Oil 
nists); 
IO mg/m’ STEL 

XHA: 
5 mglm’ (Oil 
nists) 

Wamtng Propwty Rattng 
The use of a air purifying, full-k 
respirator with high eITaency pailiil 
air filter for up to 2.5 mglm’ 

Recommrnded gloves: This is in 
particulate form. Therefore any gk 
suitable to prevent skin contact (Nil 
has been the one most widely used 
the other substances) 

Inadequate - However due to the I 
uolatitity It is assumed unless aglta 
this substance does not present a vola 
vapor or gas respiratory threat For du 
con$ons where this malerial may ci 
lo partiilates. use a HEPA filter. 

r\PRs are approved for escape o 
when concentrations exceed 
exposure limib. Concentratbns grea 
than the exposure limits require PAPR 
rupplii air respiratcfs. 

Recommrndsd glove: Bulyl rubber z 
Irs; Neoprene rubber ~24.09 hn; Sit 
shield or Viton (for pure product). 

YmvddUe substance, therefore 
rsphtory protectbn is requlrsd. In 
serosoi form dust and mist respira 
voukI be considered acceptable for up 
iO0 rr@m’. 

Wcommended glovcr: Any gla 
titable to prevent ski contact (Nih 
las been the one most widely used 
he other substances, and will 
Kceptable). 

- 
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Phyalcal Propertfea 
Bolllng Ptz 3164°F; 1740°C 
Peltlng p(: 62I’F; 327°C 
Solublllty: Insoluble 
Flash PL Not applicable (Airborne dus 
may bum or explode when exposed tr 
heat, flame, or incompatible chemicals) 
LEULFL: Not applicable 
UEWFL: Not applicable 
Vapor Danslty: Not available 
Vapor Pnssure: 0 mmHg 
Speclflc Gravity: I I 34 
IncompaUblllUes: Slrong oxidizers 
peroxides, sodium acelylide. zirconium, 
and acids 
Appearance and Odor: 
Metal: A heavy ductile, salt gray soled 
Bolllng Pt: distillation range 689- 734”F, 
365380% 
Meltlng Pt: -2 lo 50°F; -19 to 10°C 
Solublllty: Insoluble 
Flaah Pt: Not appkcable 
LEULFL: Not applicable 
UEUUFL: Not applicable 
Nonllammable liquid, however, exposure 
to fire results In black soot containing 
PCBs. dibenzofurans. 4 chlorinated 
diberuo-pdioxlns 
Vapor Donslty: Not available 
Vapor Pressure: 0 OOOOB - 0.001 mmHg 
Speclfk Gravity: I 588 @ 6O.F; 15.5% 
IncompaUbtllBea: Strong oxidizers 
hppearancr and Odor: 
Cokxless lo pale yellow, viscous kquid or 
solid (Amcbr 54 below 5O.F) with a mild, 
hydmwton odor 
Botllns Pt: 68O’F; 330% 
Hdll~ PI: Nd avattebb 
Solublllty: Insoluble 
Flash pt: 275~5OO’F; 135260% depends 
)(1 tha distillallon fraction 
LEULFL: Not available 
JEUUFL: Not available 
hpor Damlty: Not available 
lapor Pressure: <0.5 mmtig 
Speclfk Gnvlty: 0.90 
ncompaUbllttlea: None reported 
Qpearancr and odor: Cobrlars. oily, 
uith an c&r of bumed krbrkzating oil 

Hsalth Hazard lnfwmatlon 
overexposure to this substance vi 
ingestion or inhalation may result l 
melallii taste in the mouth, dr 
throat, thirst, Gastrointestkv 
disorders (burning stomach pair 
nausea, vomiting, possibb dianbe 
sometimes bloody or blacl 
accompanied by wvere bouts I 
colic), CNS effects (musculr 
weakness, pah aamp! 
headaches, insomnia, depresslor 
partial paralysis possibly coma an 
death Extended exposure ma 
result in damage to the kiineyr 
gingival lead line, brain, and anemia 

This substance is irrllaling to th 
eyes and skin. Chronic effects r 
overexposure may include potentii 
lo cause liver damage, chloracm 
and reproducllve elfecb 
Reco9nired possessin 
carcincgenic pro$ies by NIOSf 
and NW. 

Minor irritation to the eyes, skin, art 
respiratory system. 
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mibuanm 
:yanides (as CN) 

CASNO. 
Iaries 
lepending of 
ampound 

#rn pllnp InfonnaUon 1 Exfx~n Umfla 1 Wunlng Pfopafty Ratfng I Phyrlcd ProPutW 
Air sample using fittar; 1 OSHA; ACGIH: 1 Inadequate warning propeWs; 1 Rolling Pt 2725-F: 1486% 

1 HaMhHamrdlnformatbn 
loverfJxpoaue may maun 

analyze- using s&i(ic 
ion electrode. 
Sampling and 
analyticA protocol In 
-dance with 
ealabliahed 

NIOSH: 5 mglm! 
(Ceiling) 

IDLH: 
50 mg/m’ 

recommend the use of supplied ail 
respiralora. 

Recommmdad Gloves: Bulyll .JM hr. 

Mait&~ Ptz 1047°F; 564-C dmnical asphyxlafion and deafh 
Solubilfty: 58% Symptoms of exposure incfuh 
Ffarh Pt Nof available weakness, headache, c&uskm, 
LEULFL: Not available nausea, Vaniting, hcreaaed 
UEWFL: Not avaifabfe mspiratofy rate. slow gaspfnq 
Vapor Dar&y: Not avaifabk respirations. inilation of the eyes 
vapor Pmaaun: 0 mmfig and skin. Target organa are bled 
spdtlc Qnvny: 1.6 as Cardiiarcufar system, Centrsl 
IncomprtJbllfWs: Sbwg oxidiers. acids. r system, flver. Mneyr. and 
add aaffa. cMorate5. and nitrates 
Appeanncr and odor: KCN and NaCN 
an while granular or crystalline so& with 



7.0 TRAINING/MEDICAL SURVEILLANCE REQUIREMENTS 

7.1 INTRODUCTORY/REFRESHER/SUPERVISORY TRAINING 

7.1.1 
. . 

mwements for CF Braun Engllreenna Comoratton Personnel 

All CF Braun Engineering Corporation personnel must complete 40 hours of introductory hazardous waste 

site training in accordance with OSHA 29 CFR 1910.120(e) prior to performing work at Bethpage NWIRP. 

Additionally, CF Braun Engineering Corporation personnel who have had introductory training more than 12 

months prior to site work must have completed 8 hours of refresher training within the past 12 months before 

being cleared for site work. 8-hour Supervisory Training in accordance with OSHA 29 CFR 1910.120(e)(4) 

will be required for site supervisory personnel charged with the responsibility of directing others engaged in 

hazardous waste operations. 

Documentation of CF Braun Engineering Corporation Health and Safety Training will be maintained at the 

project site. Copies of certificates or other official documentation will be used to fulfill this requirement. 

7.1.2 uwements for Subcontractors 

All CF Braun Engineering Corporation subcontractor personnel must have completed introductory hazardous 

waste site training or equivalent work experience as defined in OSHA Standard 29 CFR 1910.120(e) and 8 

hours of refresher training, as applicable, meeting the requirements of 29 CFR 1910.120(e)(8) prior to 

performing field work at Bethpage NWRP. CF Braun Engineering Corporation subcontractors must certify 

that each employee has had such training by sending CF Braun Engineering-Corporation copies of training 

certificates for all potential site workers. Additionally, a letter, on company letterhead, containing the 

information in the example letter provided in the Health and Safety Guidance Manual will be sent to u 
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7.2 SITE-SPECIFIC TRAINING 

CF Braun Engineering Corporation will provide site-specfic training to all CF Braun Engineering-Corporation 

employees and subcontractor personnel who will perform work on this project. Site-specific training will 

include: 

. Names of personnel and alternates responsible for site safety and health 

. Safety, health and other hazards present on site 

. Use of personal protective equipment 

. Work practices to minimize risks from hazards 

. Safe use of engineering controls and equipment 

. Medical surveillance requirements 

. Signs and symptoms of overexposure 

. The contents of the site-specific health and safety plan 

. Emergency response procedures (evacuation and assembly points) 

. Review the contents of relevant Material Safety Data Sheets 

7.3 MEDICAL SURVEILLANCE 

7.3.1 Medical Suweillance Requirements For 
. . 

CF Baeenna Co[ppration Persod 

All CF Braun Engineering Corporation personnel participating in project field activities will have had a physical 

examination meeting the requirements of CF Braun Engineering Corporation’s medical surveillance program 

and will be medically qualified to perform hazardous waste site work using respiratory protection. 

Documentation for medical clearances will be maintained in the CF Braun Engineering Corporation 

Piiburgh office and made available as necessary. 

7.3.2 al Surveillance Requwements For Subcontractors 

Subcontractors are required to obtain a certificate of their ability to perform hazardous waste site work and to 

wear respiratory protection. The “Subcontractor Medical Approval Form” located in the Health and Safety 

Guidance Manual can be used to satisfy this requirement providing it is properly completed and signed by a 

licensed physician. 
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Subcontractors who have a company medical surveillance program meeting the requirements of paragraph 

(9 of OSHA 29 CFR 1910.120 (9 can substitute “Subcontractor Medical Approval Form” with a letter, on 

company letterhead, containing all of the information in the example letter presented in the Brown 8 Root 

Environmental Health and Safety Guidance Manual. 

7.3.3 JGauirements For All Field Persow 

Each field team member (including subcontractors) shall be required to complete and submit a copy of the 

Medical Data Sheet found in the Brown & Root Environmental Health and Safety Guidance Manual. This 

shall be provided to the SSO prior to participating in site activities. 

7.4 SUBCONTRACTOR EXCEPTION 

Subcontractors who will not enter the exclusion zone during operation, and whose activities involve no 

potential for exposure to site contaminants, will not be required to meet the requirements for training/medical 

surveillance, other than site-specific training as stipulated in Section 7-l. 
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FIGURE 7-1 

TRAINING/MEDICAL SURVEILLANCE DOCUMENTATlON 

My signature below indicates that I am aware of the potential hazardous nature of performing remedial 
action/construction activiies at Bethpage NWIRP, New York, and that I have received site-specific training 
which included the elements presented below: 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Names of personnel and alternates responsible for site safety and health 
Safety, health and other hazards present on site 
Use of personal protective equipment 
Work practices to minimize risks from hazards 
Safe use of engineering controls and equipment 
Medical surveillance requirements 
Signs and symptoms of overexposure 
The contents of the site-specific health and safety plan 
Emergency response procedures (evacuation and assembly points) 
Review contents of relevant Material Safety Data Sheets 

I further state that I have been given the opportunity to ask questions and that all of my questions have been 
answered to my satisfaction. 

I further state by the presence of my signature below the dates of my training (introductory, refresher, and 
supervisory, as applicable), and my medical surveillance requirements are accurate and correct to the best of 
my knowledge. 

I Name I 40-Hour I 8-Hour 8-Hour Medical Signature I 
Surveillance - 

FOL: Post this page for purposes of tracking site clearance status. 
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8.0 SPILL CONTAINMENT PROGRAM 

8.1 SCOPE AND APPLICATION 

It is not anticipated that bulk hazardous materials (over 55-gallot-6) will be handled at a given time as part of 

this scope of work. It is also not anticipated that such spillage would constitute a danger to human health or 

the environment. As the job progresses the potential for accumulating decontamination fluids, soil cuttings, 

etc. in the central staging area exists. However. it is currently planned that drill cuttings will be spread on the 

surfaces of potential VOC/PCB contaminated areas. These areas are to be remediated in the future. If drill 

cuttings and other investigative derived wastes are collected and stored they will need to be characterized to 

determine appropriate disposal methods. Since these fluids and soils remain uncharacterized while in the 

staging area, this spill containment program has be developed and instituted as part of the HASP. 

8.2 POTENTIAL SPILL AREAS 

Potential spill areas will be monitored in an ongoing attempt to prevent and control further potential 

contamination of the environment. Currently, there is limited areas vulnerable to this hazard including the 

area used for the central staging and decontamination for potentially contaminated soils and decontamination 

fluids. Additionally, the handling, loading and unloading areas present limited potential for leak or spill. It is 

anticipated decontamination fluids generated as a result of this scope of work will be containerized, labeled, 

and staged to await chemical analyses. The results of these analyses will determine whether the fluids will 

be disposed of in the Industrial Waste Water Treatment Facility (IWMRF) as nonhazardous, or must go 

offsite as hazardous to a treatment facility. During the turn- around for the chemical analyses there exists a 

possibility to accumulate multiple drums of ftuid. 

8.2.1 M-Gallon Drums 

All drums containing liquids will be staged within a centralized area. 

8.3 LEAK AND SPILL DETECTION 

To establish an early detection of potential spills or leaks, a periodic walk around by personnel staging or 

disposing of drums will be conducted during working hours to visually determine that containers are not 

leaking. If a leak is detected the drum contents will be transferred using a hand pump into a new 55-gallon 
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drum. The leak will be wllected and contained using absorbents such as Oil-dry, vermiculite, or sand, stored 

at the staging area in a drum conspicuously marked. This material too, will be containerized for disposal 

pending analyses. All inspections will be documented in the Project Logbook. 

8.4 PERSONNEL TRAINING AND SPILL PREVENTlON 

All personnel will be instructed on the procedures for spill prevention, containment, and collection of 

hazardous materials in the site-specific training. The FOL and the SSO will sense as the Spill Response 

Coordinator for this operation should the need arise. 

8.5 SPILL PRWENTION AND CONTAINMENT EQUIPMENT 

The following represents the minimum equipment which will be maintained at the staging area at all times for 

the purpose of supporting this Spill Prevention/Containment Program. 

. Sand, clean fill, vermiculite, or other noncombustible absorbent (oil-dry); 

. Drums (55-gallon U.S. DOT 17-E or 17-H) 

. Shovels, rakes, and brooms 

. Hand operated drum pump with hose 

. Labels 

. Drum Patch ki 

8.6 SPILL CONTROL PLAN 

This section describes the procedures the CF Braun Engineering Corporation field crew members will employ 

upon the detection of a spill or leak. 

1) Notify the SSO or FOL immediately upon the detection of a leak or spill. 

2) Employ the personnel protective equipment stored at the staging area. Take immediate actions to 

stop the leak or spill by plugging or patching the drum or raising the leak to the highest point. Spread 

the absorbent material in the area of the spill covering completely. 

3) Transfer the material to a new drum, collect and containerize the absorbent material. Label the new 

drum appropriately. Await analyses for treatment or disposal options. 
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4) Solid spills will be recontainerized with 2-inches of top wver (spills on earthen materials), and await 

for test results for treatment or disposal options. 

It is not anticipated that a spill will occur in which the field crews cannot handle. Should this occur Hazardous 

Materials Teams will be contacted through the Guard Headquarters. 

8-3 CT0215 



9.0 SITE CONTROL 

This section outlines the means by which CF Braun Engineering Corporation will delineate work zones 

and use these work zones in conjunction with decontamination procedures to prevent the spread of 

contaminants into previously unaffected areas of the site. It is anticipated that a three-zone approach will 

be used during work at this site: exclusion zone, contamination reduction zone, and support zone. It is 

also anticipated that this control measure will be used to control access to site work areas. Use of such 

controls will restrict the general public, minimize potentials for the spread of contaminants, and protect 

individuals who are not cleared to enter work areas. 

EXCLUSION ZONE 

The exclusion zone will be considered those areas of the site of known or suspected contamination. It is 

not anticipated that significant amounts of surface contamination are in the proposed work areas of this 

site. It is anticipated that this will remain so until/unless contaminants are brought to the surface by 

intrusive activities such as drilling. Furthermore, once intrusive activities have been completed and 

surface contamination has been removed., the potential for exposure is again diminished and the area can 

then be reclassified as part of the contamination reduction zone. Therefore, the exclusion zones for this 

project will be limited to those areas of the site where active work is being performed plus a designated 

area surrounding the point of operation (see Table 5-l for specific operation). The exclusion zone for this 

activity will be fragmented to represent the areas where the soils are disturbed through drilling, sampling, 

or ASVE installation activities. All exclusion zones will be delineated using barrier tape, cones and/or drive 

poles, and postings to inform and direct facility personnel. 

9.1.1 

A pre-startup site visit will be conducted by members of the identified field team in an effort to identify 

proposed subsurface investigation locations, obtain utility clearances, and provide upfront notices 

concerning scheduled activities within the facility. Access to the identified work areas of the facility will be 

coordinated through the site contact. Utility clearances will incorporate the combined efforts of One Call 

Utility location services and the site contact. 

In all cases, no subsurface activities will proceed without utility clearance. In the event that a utility is 

struck during a subsurface investigative activity, the emergency numbers provided in Section 2.9 will be 

notified. 
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When personnel are in the proximity of this investigation, they will be moved or their operation temporarily 

discontinued to remove them from potential hazards associated with this operation. 

9.2 CONTAMINATION REDUCTION ZONE 

The contamination reduction zone (CRZ) will be a buffer area between the exclusion zone and any area of 

the site where contamination is not suspected. Personnel and equipment decontamination will take place 

in this area. This area will also serve as a focal point in supporting exclusion zone activities. This area will 

be delineated using barrier tape, cones and/or drive poles, and postings to inform and direct facility 

personnel. 

9.3 SUPPORT ZONE 

The support zone for this project will include a staging area where site vehicles will be parked, equipment 

will be unloaded, and where food and drink containers will be maintained. In all cases, the support zones 

will be established at areas of the site where exposure to site contaminants would not be expected during 

normal working conditions or foreseeable emergencies. 

9.4 SAFE WORK PERMITS 

All exclusion zone work conducted in support of this project will be done using Safe Work Permits to guide 

and direct field crews on a task by task basis. An example of the Safe Work Permit to be used is 

illustrated in Figure 9-1. These work permits will be further supported by the daily meetrngs conducted 

during their generation. This effort will ensure all site-specific considerations and changing conditions are 

incorporated into the planning effort. All permits will require the signature of the FOL, the SSO, and if 

possible a NWIRP onsite representative. All personnel engaged in onsite activities will be aware of the 

elements indicating levels of protection and precautionary measures to be used. 

The use of these permits will establish and provide for reviewing protective measures and hazards 

associated with each operation. This HASP will be used as the primary reference for selecting levels of 

protection and control measures. The work permit will take precedence over the HASP when more 

conservative measures are required based on specific site conditions. 
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FIGURE 9-1 
SAFE WORK PERMIT 

Permit No. Date: Time: From to 

SECTION I: General Job Scope (To be filled in by person performing work) 

I. Work limited to the following (description, area, equipment used): 

II. Names: 

III. Onsite Inspection conducted 1 Yes 1 No Initials of Inspector 
CF Braun Eng. Corp NWlRP 

SECTION II: General Safety Requirements (To be filled in by permit issuer) 
IV. Protective equipment required Respiratory equipment required 

Level D c Level B 2 Full face APR 3 
Level C Z Level A J Half face APR Z 
Detailed on Reverse SUA-PAC SAR 1 

Skid Rig Z 
Modifications/Exceptions: 

Escape Pack z 
SCBA z 

Bottle Trailer z 
None 1 

V. Chemrcals of Concern Action Level(s) Response Measure 

VI. Additional Safety Equipment/Procedures 
Chemical goggles . . . . . . . . . . . . . Z Yes 1 No 
Hearing Protection . . . . . . . .._.. E Yes 5 No 
Safety belt/harness . . . . . . . . . . . C Yes Z No 
Modifications/Exceptions: 

Radio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Z Yes z No 
Barricades. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ‘i Yes 2 No 
Work/rest regimen . . . . . . . . . . . . . . . . C Yes 1 No 

VII. Procedure review with permit acceptors Yes NA Yes NA 
Safety shower/eyewash (Location 8 Use) . . . . . . . . . . . . Z D Emergency alarms . . . . . . . . . . . . . . . . . . . . . . . . . 2 c 
Procedure for safe job completion . . . . . . . . . . . . . . . . . . . . . . . . 1 1 Evacuation routes . . . . . . . . . . . . . . . . . . . . . . . . . . s z 
Contractor tools/equipment inspected . . . . . . . . . . . . . . . . . . Z 1 Assembly points . . . . . . . . . . . . . . . . . . . . . . . . . . . . C z 

VIII. Equipment Preparation Yes NA 
Equipment drained/depressured . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._..................... 0 0 
Equipment purged/cleaned . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..*................*............. =! El 
Isolation checklist completed . . . . . . . . . . . . ..~........................................................................................... 0 E 
Electrical lockout required/field switch tested . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . D D 
Blindslmisalignmentblocks 8 bleeds in place . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . E 7 iA 
Hazardous materials on walls/behind liners considered . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._..................... z 3 

IX. Additional Permits required (Hot work, enclosed entry, excavation etc.). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . f Yes c No 
If yes, contact the Health Sciences Department. 

X. Special instructions, precautions: 

Permit Issued by: Permit Accepted by: 
Job Completed by: Date: 
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SITE VISITORS 

Site visitors for the purpose of this document are identified as representing the following groups of 

individuals: 

. Personnel invited to observe or participate in operations by CF Braun Engineering Corporation 

l Regulatory personnel (i.e., DOD, EPA, OSHA) 

. Northern Division Navy Personnel 

. Other authorized visitors 

All non-DOD personnel working on this project are required to gain initial access to the facility by 

coordinating with the CF Braun Engineering Corporation FOL or designee and following established facility 

access procedures. 

Once access to the facility is obtained, all personnel who require site access (areas of ongoing operations) 

will be required to obtain permission from the FOL. Upon gaining access to the site, all site visitors 

wishing to observe operations in progress from the exclusion zone will be escorted by a CF Braun 

Engineering Corporation representative and shall be required to meet the minimum requirements 

discussed below: 

. All site visitors will be routed to the FOL, who will sign them into the field logbook. Information to 

be recorded in the logbook will include the individuals name (proper identification required), who 

they represent, and the purpose of the visit. 

. All site visitors will be required to produce the necessary information supporting clearance to the 

site. This include information attesting to applicable training (40-hours of HAZVVOPER training 

required for all Northern Division Navy personnel), and medical surveillance as stipulated in 

Section 7.0 of this document. In addition, to enter the site operational zones during planned 

activities, all visitors will be required to first go through site-specific training covering the topics 

stipulated in Section 7.2, of this HASP. 

Once the site visitors have completed the above items they will be permitted to enter the operational zone. 

All visitors are required to obsen/e the protective equipment and site restrictions in effect at the site of 

their visit. Any and all visitors not meeting the requirements as stipulated in this plan for site clearance will 

not be permitted to enter the site operational zones during planned activities. Any incidence of 

unauthorized site visitation will cause all onsite activities to be terminated until the unauthorized visitor is 
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removed from the premises. Removal of unauthorized visitors will be accomplished with support from the 

facility. If necessary, the facility contact will be notified of any unauthorized visitors. 

WORK SITE SECURITY 

CF Braun Engineering Corporation will retain complete control over active operational zones (immediate 

areas in which site activities discussed in the scope of work are being performed). As this activity takes 

place at a Navy facility, the first line of security will be performed by Navy personnel at the base gate 

restricting the general public. The second line of security will be performed by CF Braun Engineering 

Corporation and will take place at immediate ares where site work is being performed. Any visitors 

wishing to observed site activities will be referred to the FOL. These visitor will be escorted by CF Braun 

Engineering Corporation personnel at all times. 

SITE MAP 

Once the areas of contamination, access routes, topography, and dispersion routes are determined, a site 

map will be generated and adjusted as site conditions change. These maps will be posted to illustrate up- 

to-date collection of contaminants and adjustment of zones and access points. A site map to the hospital 

will also be provided as part of this HASP. 

BUDDY SYSTEM 

Personnel engaged in onsite activities will practice the “buddy system” to ensure the safety of all 

personnel involved in this operation. 
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9.9 MATERIAL SAFETY DATA SHEET (MSDS) REQUIREMENTS 

CF Braun Engineering Corporation personnel will provide MSDSs for all chemicals brought on site. The 

contents of these documents will be reviewed by the SSO with the user(s) of the chemical substances 

prior to any actual use or application of the substances on site. A chemical inventory of all chemicals used 

on site will be developed using the Brown & Root Environmental Health and Safety Guidance Manual. 

The MSDSs will then be maintained in a central location (i.e.,. temporary office) and Will be available for 

anyone to review upon request. 

9.10 COMMUNICATION 

If site ersonnel are not working in proximity to one another during field activities, a supported means of 

communication between field crews will be used as necessary. Two-way radio communication devices 

will be submitted for approval by NWlRP for use while at the facility. 

External communication will be accomplished by using the telephones at predetermined and approved 

locations or through cellular phones. External communication will primarily be used for the purpose of 

resource and emergency resource communications. Prior to the commencement of activities at the 

NWlRP, the FOL will determine and arrange for telephone communications, if it is determined a cellular 

means will not be used. 
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10.0 CONFINED SPACE ENTRY 

Personnel under the provisions of this HASP are not allowed. under any circumstances, to enter confined 

spaces. Confined spaces or Permit-Required Confined Spaces are not anticipated as part of this task order 

and have not been identified within the scope of work. Personnel should understand a confined space is 

defined as an area which has one or more of the following characteristics: 

. Is large enough and so configured that an employee can bodily enter and perform assigned work. 

. Has limited or restricted means for entry or exit (for example, tanks, vessels, silos, storage bins, 

hoppers, vaults, and pits are spaces that may have limited means of entry). 

. Is not designed for continuous employee occupancy. 

Additionally, a Permit-Required Confined Space may also have one or more of the following characteristics: 

. Contains or has a potential to contain a hazardous atmosphere. 

. Contains a material that has the potential to engulf an entrant. 

. Has an internal configuration such that an entrant could be trapped or asphyxiated by inwardly 

converging walls or by a floor which slopes downward and tapers to a smaller cross-section. 

. Contains any other recognized, serious, safety or health hazard. 

For further information on confined space consult the Health and Safety Guidance Manual or call the 

Manager, Health Sciences. 
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11 .O MATERIALS AND DOCUMENTS 

. . 
The CF Rmeerma Corppegtipn FOL shall ensure the following materials/documents are taken to 

the project site and utilized as required. 

Incident Reports 

Medical Data Sheets 

Material Safety Data Sheets for dewn solutions and other substances brought to the site 

Follow-Up Reports (to be completed by the FOL) 

OSHA Job Safety and Health Poster (posted in site trailer) 

Training/Medical Surveillance Documentation Form (Blank) 

First Aid Supply Usage Form 

Emergency Reference Form (Section 2.0, extra copy for posting) 

HealWand Safety Guidance Manual 
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12.0 GLOSSARY 

ACGIH 

APR 

ASVE 

CFR 

CNS 

CQP 

eV 

FID 

FOL 

HASP 

HAZWOPER 

HEPA 

HSM 

IWWTF 

N/A 

NIOSH 

NWIRP 

OSHA 

PEL 

PID 

PM 

PPE 

PVC 

SAP 

SCBA 

sso 

STEL 

TWA 

uv 

American Conference of Governmental Industrial Hygienists 

Air Purifying Respirators 

Air Sparging Vapor Extraction 

Code of Federal Regulations 

Central Nervous System 

Construction Quality Plan 

electron Volts 

Flame Ionization Detector 

Field Operations Leader 

Health and Safety Plan 

Hazardous Waste Operations and Emergency Response 

High Efficiency Particulate Air 

Health and Safety Manager 

Industrial Waste Water Treatment Facility 

Not Available 

National Institute Occupational Safety and Health 

Naval Weapons Industrial Reserve Plant 

Occupational Safety and Health Administration (U.S. Department of Labor) 

Permissible Exposure Limit 

Photo Ionization Detector 

Project Manager 

Personal Protective Equipment 

Poly Vinyl Chloride 

Sampling and Analyses Plan 

Self Contained Breathing Apparatus 

Site Safety Officer 

Short Term Exposure Limit 

Time Weighted Average 

Ultra Violet 

Work Plan 
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APPENDIX F 

SUPPORT CALCULATION FOR ASlSVE SYSTEM 



bp9703as.cal 

Appendix F - Calculations 

North Div - Navy, CT0 213 DDB, 0312011997 
Maximum Pressure Drop Calculations for the Injection and Extraction System 
and Consideration of Potential VOC Stratification 

1 .O Estimate pressure drop through extraction piping system 

Use the furtherest well at the highest flowrate. 

Piping material: 
Estimated piping run - horizontal: 
Estimated piping run - vertical: 
Equivalent length of pipe for fittings: 

- valves1 
- elbows:8 

2” PVC 
180 LF (EW03 - maximum) 

60 LF 

23 LF (wide open) 
60 LF 

Total piping length - equivalent 323 LF 

Maximum flow from one extraction well: 
which equals: 

80 CFM 
4800 CFHr 

Pressure drop, see attached Pipe Flow Computer. Properties would be the same as for air. 

Result: 45 inches water gauge 

Convert result to inches Hg. 
45/13.!5= 3.33 inches HG, SG of Hg is 13.5 

Approximate pressure drop for blower and separator: 1 inch HG 

Measured soil resistance data from Calverton Pilot Study: 

For a 4 foot well screen, the data is as follows and includes pressure drop from approximately 
6 feet of pipe and well screen. 

CFM Header Vacuum (inches water) - X 
4 0.6 
5 0.95 
8 1 

10 1.6 
12 1.6 

Perform a linear regression of the data. 

Regression Output: 
Constant -0.41429 
Std Err of Y Est 1.355764 
R Squared 0.876913 
No. of Observations 5 
Degrees of Freedom 3 
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X Coefficient(s) 7.142857 
Std Err of Coef. 1 S45036 

Calculate the vacuum required for 80 CFM: 

Formula is y = mx + b 

For y equal to 80 CFM, x = 11.3 inches of water 

Next evaluate data using a log plot, (typical for pressure drop calculations) 

Loa (CFM) Loa (vacuum) 
0.60206 -0.22185 
0.69897 -0.02228 
0.90309 0 

1 0.20412 
1.079181 0.20412 

Next perform a regression on the log-log data. 

Regression Output: 
Constant 0.822033 
Std Err of Y Est 0.081293 
R Squared 0.877549 
No. of Observations 5 
Degrees of Freedom 3 

X Coefficient(s) 1.054981 
Std Err of Coef. 0.227526 

Note that the R coefficients are very similar, probably because the x coefficient is close to 1 .O. 
This similarity likely resutts from only a small range of flow rates being evaluated. 

Calculate vacuum required at 80 CFM, using log-log regression. 

Formula is v = mx’ + b, where y’ and x’ are the log of y and x, respectively 

For y equal to 80 CFM, y’ = 1.90309 (log of 80) 

From the formula, y’ = n& + b, x’ = 
x- 

1.024717 
10.6 inches of water 

In both cases, the estimated vacuum based on Calverton Work is 
approximately 0.8 “Hg. 

The total calculated pressure drop would be: 3.3+0.8+1 .O = 5.1 inches Hg. 

Note that because of a longer well screen will be used, (10 feet), lower pressure drops around the 
well screen would be expected. However, there will be approximately 50 feet of soil overlaying the well screen. 

Assuming a conservative linear drop across the depth of the vadose zone, (60 at Bethpage,versus 6 feet at 
Calverton), the vacuum could increase by a factor of approximately 10, i.e. 110 inches of water, or 8” Hg. 
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110 inches of water column vacuum could cause the the water table to rise approximately 9 feet. 

This concern will have to be monitored during the trial to ensure that the water level does not 
block off the soil vapor flow and or cause system vacuums to exceed the rating of the blower. 
Note that vacuum measurements are planned at each well, and that excessive 
vacuum could become a limiting design criteria. 

However, as long as the vacuum is maintained at less than approximately 60 inches of water 
column, there should not be a problem with water rise impacting well opertion. 

2.0 Evaluate the impact that PCE may have on the soil vapor density. 

PCE, with a molecular weight of 166, is heavier than air by a factor 
of approximately 166/29 = 5.7 

Typical maximum VOC concentrations measured in the soil gas 
were 1000 ppm. At this concentration, air is 99.9% and VOCs are 0.1% 

The specific gravity of this mixture is as follows. 

0.999'29 + 0.001'166/'29 1.005 

This density difference shouldnot impact the ability to extract air. However, 
based on the density difference, one conclusion is that PCE (and similar compounds) 
would be expected to sink to a confining layer (groundwater). Conversely, diffusion and 
atmospheric disturbances would be expected to cause the PCE (and similar 
compounds) to rise and escape to the atmosphere. 

The implication being that for a soil vapor extraction system without 
air sparging, it is possible that contaminated soil vapors could stratify, and 
therefore would not be effectively collected by an extraction system. However, with an 
air sparging system, this concern would not be expected to be as significant 
since the air flow direction would then be opposite of the stratification effects. 

For the pilot study, CF Braun recommends that some tests be conducted 
to evaluate the potential for stratification. 

These tests would be as follows. 

1. At an extraction well prior to operation, measure total VOC concentration at depths of 1,2,5 and 
10 feet above the water table. A calibrated suction tube and air pump would be used. 

2. Measure the total VOC concentration at the same depths during operation 
of thii well to determine if stratification is present. 

3. At an adjacent monitoring well, conduct the same tests prior to and during operation. 

4. If stratification is detected, conduct the same tests after the air sparging well is 
in operation. 
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3.0 Estimate pressure drop through injection piping system 

Piping material: 
Estimated piping run - horizontal: 
Estimated piping run - vertical: 
Equivalent length of pipe for fittings: 

- valves:1 
- elbows:8 

Total piping length - equivalent 

Matimum flow to one extraction well: 
which equals: 

2” PVC 
150 LF 
69 LF 

23 LF (wide open) 
60 LF 

302 LF 

60 CFM 
3600 CFHr 

Pressure drop, see attached Pipe Flow Computer. Properties would be the same as for air. 

Result: 16 inches water gauge 

Convert result to psi 
16/(12’2.3) 0.6 psi 2.3 feet of water equals one psi 

Static head loss. 

Minimum is 8 feet: 812.3 3.5 psi 
Maximum is 10 feet 1012.3 4.3 psi 

Total pressure drop: 4.9 psi 

One psi of pressure will be available to push air into aquifer. 
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The Computer is bosed on the flow of gos which lcoves no deposit 

in the pipe. For reoskobly clean lines multiply the computed pres- 

sure losses by the following factors which allow for normol deposits: 

Noturol gos . . . . . . . . 1.00 

Air . . . . . . . . . . . 1.00 

Clean blast furnace gos . . . . 1.10 

Coke oven gas . . . . . . . 1.30 

Carburetted water gas . . . . . 1.30 



SPECIFIC GRAVITL 

The Computer is based on the flow of gas which leaves no deposit 

in the pipe. For reosdnobly clean lines multiply the computed pres- 

sure losses by the following factors which allow for normal deposits: 

Noturol gas . . . . . 1.00 

Air . . . . _ . . . . . . 1 .oo 

Clean blast furnace gas . . 1.10 

Coke oven gas . . . . . 1.30 

Carburetted water gas . . . . 1.30 



The Computer is based on the flow of gas which leaves no deposit 

in the pipe. For reasonably clean lines multiply the computed pres- 

sure losses by the following factors which allow for normal deposits: 

Notural gas . . . . . . . . 1.00 

Air . . . . . . . . . . . 1.00 

Clean blast furnace gas . . . 1.10 

Coke oven gas . . . . . . . 1.30 

Corburetted water gas . . . . . 1.30 



The Computer is based on the flow of gas which leaves no deposit 

in the pipe. For reosonobly clean lines multiply the computed pres- 

sure losses by the following factors which allow for normal deposits- 

Natural gas . . . . . . 1 .oo 

Air . . . . . . . . . . . 1 .oo 

Clean blast furnace gas . . . 1.10 

Coke oven gas , . . _ . . 1.30 

Corburetted woter gas . . . . 1.30 
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PRESSURE PERFORMANCE 
FRAME 32 UNIVERSAL RAI BLOWER 
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P-03 

I 

Inlet Volume SCFM: 55 
Inlet Pressure 

I 1 ific Gravity: 1.000 
lecular Weight: 28.966 
Elevation/Feet: 600 

Ambient Pressure (PSIA): li.38 Relative Humidity: 0% 
Speed (RPM): 29 Jet Temperature: loo 

ROtOr Type: TEFC 

Noise Level at 1 Meter (DsA)i 

<&SC> Print Praposal, CF7> CanCel, cPlO> Next, <F8> Previous 

7- I 
Roots - Blower Selection Qist 2.9c Tuesday February 18, 1997 9:so am i 

------Copyright (c) Dresser Industries Inc 1995. All rights reserved. i 

Selected Unit 

Model: 32 URAI Summary: <list> 
i Inlet Volume (ACFH): 60 scFM: 55 Gas: AIR 

Inlet Pressure (PSIA): 14.18 K-Value: 1.395 
Inlet Temp(Deg.F): 100 Specific Gravity: 1.000 

1 Discharge Pressure (PSIA): 20.68 MOleCUlar Weight: 28.966 
I Differential Press. (PSI): 6.50 43% Elevation/Feet: 600 

Ambient Pressure (PSIA): 14.38 Relative Humidity: 6% 

/ 
Speed (RPM): 2082 57% Mb/Jet Temperature: 100 

Brake Horsepower: 2.9 Motor Type: TEFC 
Temperature Rise (Deg. F): 104 46% 

1 Discharge Temperature (Deg. F): 204 
Discharge Volume (ACFM): 48 

Gear Tip Speed (FPM): 1909 
Estimated B10 Bearing Life (HRS): 1412000 

1 Estimated Noise Level at 1 Meter (DBA): 83.1 

I 

48~s Print Proposal, <F7> Cancel, cFlO> Next, cF8> Previous 
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- Blower Selection Dist 2.9c Tuesday February 18, 1997 9:53 am 
Copyright (c) Dresser Industries Inc 1995. All rights reserved.- --I 

r -- 
i Selected Unit 

Model: 36 URAI Summary: <list> 1 
Inlet Volume (ACFM): 100 SCFM: 79 Gas: AIR / 

I 

Inlet Pressure (PSIA): 11.52 K-Value: 1.395 
Inlet Temp(Deg.F): 68 Specific Gravity: l-000 I 

Discharge Pressure (PSIA): 14.70 Molecular Weight: 28.966 I 

I 
Inlet Vacuum (HG): 6.50 43% Elevation/Feet: 0 

I 

Ambient Pressure (PSIA): 14.70 Relative Humidity: 0% 
Speed (RPM): 1439 39% Amb/Jet Temperature: loo 

Brake Horsepower: 2.2 Motor Type: TEFC 
I 

I 
Temperature Rise (Deg. F): 57 25% 

Discharge Temperature (Deg. F): 125 i 
Discharge Volume (ACFM): 86 

Gear Tip Speed (FPM): 1320 
Estimated B10 Bearing Life (HRS): 1654000 i 

Estimated Noise Level at 1 Meter (DBA): 73.1 

<Escr Print Proposal, <F7> cancel, <FlO> Next, <F8> Previous 

i Roots - Blower Selection Dist 2.9c Tuesday February 18, 1997 9:54 am i 
Copyright (c) Dresser Industries Inc 1993. All rights reserved.- I 

Model: Summary: <list> 
Inlet Volume (ACFM): 

Inlet Pressure (PSIA): 
Inlet Temp(Deg.F): 

Discharge Pressure (PSIA): 
Inlet Vacuum (HG): 

Ambient Pressure (PSIA): 14.70 

I 
Speed (RPM): 2419 67% M/Jet Temperature: 100 

Brake Horsepower: 4.0 Motor Type: TEFC 
1 I Temperature Rise (Deg. F): 51 22% 

I 
Discharge Temperature (Deg. F): 119 

Discharge Volume (ACFM): 171 
Gear Tip Speed (FPM): 2219 

Estimated 1910 Bearing Life (HRS): 984000 
Estimated Noise Level at 1 Meter (DBA): 79.9 

i 

<E8c> Print Proposal, <F7> Cancel, <FlO> Next, <F8> Previous 
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Inlet Press 
SCFM: 32 

Discharge Pressure (PSSA): 20 lecular Weight: 28.966 
Differential Press. (PSI): 6.50 Elevation/Feet: 600 

! Ambient Pressure (PSSA): 14.38 dative Humidity: 0% I 
speed (RPM): 2176 /Jet Temperature: loo I 

Brake Horsapow Motor Type: TEFC ! 
Temperature Rise (Deg. 

ature (Deg. F): 
ge Volume (ACFM): 

Tip Speed (FPM): 
ted B10 Bearing Life (HRS): 195000 

oihe Level at 1 Meter (DBA): 76.8 

cEso Print Proposal, <F7> Cancel, <FlO> Next, <F8> Previous 

Roots - Blower Selection Dist 2.9c Tuesday February 18, 1997 9z44 am i 
------Copyright (c) Dresser Industries Inc 1995. All rights reserved,- 

i Selected Unit 

i Model : 

I 

Inlet Volume (ACFM): 
Inlet Pressure (PSIA): 

I Inlet Temp(De9.F): 
1 Discharge Pressure (PSlA): 
I Differential Press. (PSI): 

I 
Ambient Pressure (PSIA): 

Speed (RPM): 
I Brake Horsepower: 
1 Temperature Rise (Deg. l?): 
I 

32 URAI Summary: <list> 
35 SCFM: 32 Gas: AIR 
14.18 K-Value: 1.395 
100 Specific Gravity: 1.000 
20.68 Molecular Weight: 28.966 
6.50 43% Elevation/Feet: 600 
14.38 Relative Humidity: 0% 
1526 42% Amb/Jet Temperature: 100 
2.1 Motor Type: TEFC 
128 56% 

I 

Discharge Ten@eratUe (Deg. F): 228 
Discharge Volume (ACFM): 29 

t 
Gear Tip speed (FPM): 1399 

Estimated BlO Bearing Life (HRS): 1926000 
i Estimated Noise Level at 1 Meter (DBA): 78.8 

I 

<:Eacr Print Proposal, cF7> Cancel, <:FlOS Next, <F8> Previous 
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FACTORS FOR LOSS THROUGH FITTINGS 
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EQUIVALENT LENGTH OF STRAIGHT PIPE 

Examples of Use of Computer 

Example 1 

Gas saturated at 60.F. 30” Hg., other conditions as follows: 

Specific gravity . . . . . . . . . . . . . .I0 

Average pressure . . . . . . . 10 Ibs. per sq. in. gauge 

Average temperature. . . . . . . . . . . 1 SO’F 

Flow . . . . . 100,000 CFH (measured @ 60-F. 30” Hg) 

Length of pipe-1000’ (including straight pipe plus the equiva- 

lent length for valves, fittings, entrance and exit losses, as 

determined from above curves.) 

Actual inside diameter of pipe . . . . . . . . . 8.0” 

Pressure loss . . . . . . . . . . . 9.8” W.G. 

Example 3 

Example 2 

Length of line 20,000’, initial pressure 10 Ibs. per sq. in. gauge, 

other conditions (except average pressure) same as for 

example 1. 

Setting up the values on the computer with average pressure 

tentatively assumed as say 8 Ibs. per sq. in. a trial pressure loas 

is found to be 220” W.G. (=8 tbs. per rq. in.). With the initial 

pressure of 10, and a 105s of 8, the terminal pressure would be 2 

and the average line pressure 6. Resetting the computer to 6 Ibs. 

per sq. in. pressure, pressure lo55 is found to be 240” W.G. 

The Computer is based on flow of gas saturated at 6O’F, 30” Hg. If the gas contains an appreciably greater amount 

of water vapor, the pressure loss, computed as in Example 1, must be multiplied by a correction factor. Correction 

factors for water vapor far various conditions are given in the following table: 

. 
CORRECTION FACTORS FOR WATER VAPOR 

Specific Dewpoint at 30” Hg absolute pressure 
Gravity 800F lOOoF 120°F 140°F 150°F 16O’F 

0.40 1.05 1.13 1.30 1.64 1.96 2.43 

0.60 1.04 1.10 1.24 1.50 1.74 2.11 

0.80 1.03 1.09 1.20 1.43 j 1.63 1.95 

1.00 1.03 1.08 1.19 1.39 1.58 1.86 
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